








NUMBER 5—RELIABILITY SERI! 5 


Bourns Trimpot® 
Puts the Proof in Humidity-Proof 


Plunging a potentiometer into near-boiling water is just one of Further protection against humidity results from manufacturir 
the ways Bourns puts the proof in humidity-proof. Every Trim procedures, such as internal potting of the resistance elemer 


pot unit made takes this 60-second bath with the water sin and sub-components. Finally, Bourns samples all productio: 
mering at 90°C. Air expanded by the heat creates four p id for compliance to MIL-STD-202A, Method 106 as a routine par 
f pressure inside the potentiometer—enough to cause bubbles f a Reliability Assurance Program. As a result, Trimpot dos 
ly if the unit is completely leak-free does it pz more than ‘‘resist’’ moisture; it keeps moisture out. 
For more information about the industry's largest selection « 
Bo umid oofing starts at the beginning — with original humidity-proof adjustment potentiometers—wirewound anc 
jJesign ands ction of materials. The plastic chosen for Trim carbon in a variety of sizes, power ratings, operating tempera 
yt cases, for example, displays the unusual properties of high tures, etc. — write for new Trimpot summary brochure and list 
insulation resistance and extremely low moisture absorption. of stocking distributors 
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BOURNSB, INC., TRIMPOT DiviBioOon 
6135 MAGNOLIA AVE., RIVERSIDE, CALIF. 


PLANTS: RIVERSIDE, CALIF. AND AMES, IOWA 


Exclusive manufacturers of Trimpot®, Trimit®, and E-Z-Trim®. Pioneers in transducers for position, pressure and acceleration. 
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| Daven solves your solid-state power supply problems! 


Take advantage of Daven’s experience in designing extremely compact, light-weight, high temperature 
units, which can withstand the most severe altitude, shock, and vibration environments. Let us engineer 
solid-state supplies for your missile-borne, airborne, shipborne, underwater or ground support equipment. 








Frequency Changers 


e 20 VA to 2500 VA 


e Change to or from any of these frequencies: 
60-400 -800 —- 1600-2000 cycles per second 


e Voltage and frequency regulation 0.1% to 10% 
as required 


Converters 
e DC input voltage from 6 volts to 230 volts 
e DC output voltage from 1 volt to 15 kilovolts 


e DC output current from microamperes to 100 
amps 


e Dynamic regulation, ripple, stability as required 
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Inverters 


DC input voltage from 6 volts to 230 volts 
AC output from 20 VA to 2500 VA 

60- 400-800 -— 1600-2000 cycles per second 
One, two or three phase, any voltage level 


Voltage and frequency regulation 0.1% to 
10% as required 


e Output waveform — sine or square wave 


Write for complete information, including your 
application and requirement data. 





} LIVINGSTON, NEW JERSEY 


A Subsidiary of Genera! Mills, Inc. 
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TODAY, MORE THAN EVER, THE DAVEN @© STANDS FOR DEPENDABILITY 
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A NEW HYDRAULIC-MAGNETIC BREAKER 
NO BIGGER THAN A POCKET LIGHTER 


i 





Light ... small... a snap to install! This 14%4-ounce circuit 
breaker can help you out of a tight spot, if you’re cramped 
for component space. Only 244” x 5%” x 24%” overall, it can 
take the place of both a fuse and a switch—and save you 
installation time and trouble, in the bargain. A single half- 
inch hole is all you need for mounting, and there are only 
two connections to make, instead of four or more. (The 
breaker’s “universal” terminals let you use the kind of con- 
nection best suited to the job, too—soldered, solderless, or 
screwed.) You can have this breaker in any integral or frac- 
tional current rating from 0.050 to 15 amps, at 110V, 60 or 
400 cycles AC, or 50V DC. Whatever rating you spec will be 
decimal-point precise—and permanent (you don’t have to 
de-rate the hydraulic-magnetic breaker for high ambient 
temperatures). Bulletin VP will give you more information. 
A word from you will put a copy in the mail. 


HEINEMANN ELECTRIC COMPANY <> 125 BRUNSWICK PIKE, TRENTON 2, NJ. 
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HERE’S WHY P&B TELEPHONE TYPE RELAYS GIVE YOU 
reliable performance over long life 


Heavy Duty Frame BS SERIES ENGINEERING DATA | 


Armature Pin Bearing shows oie ae ' maintains dimensional 
only .0005”increaseinclearance 3 : > stability, adds to 
after 300 million operations. . — m relay's sensitivity. 


Husky Armature Arm 
prevents sagging 


or bending. BS SERIES TELEPHONE TYPE GENERAL: 


Breakdown Voltage: 1000 volts rms 60 cy. min. Load: 4 amps at 115 volts, 60 cycle resistive 
between all elements. Pressure: 15 grams minimum 


i ; , Ambient Temperature: —55° to +85° C. ILS: 
Measure the thickness of the BS series armature FEE aeaieaine on cbadiel enter. co _ Se ai oe 
r . . . Weight: 9 to 16 ozs. hors, 
arm. You will find the cross section area is greater Soaieste Fiend outer tans: Current: 10 amps maximum 
¢ A ‘ , Coil: One 416 AWG wire Power: DC—50 Milliwatts per movable arm, 
than ordinary relays of this type. Here is the kind Contacts: Two 418 AWG wires Greater sensitivity on special order. 
: AC—17.9 volt-amps. 
> -_ Enclosures: Dust covered or sealed Duty: Conti 
of quality that spells dependability. CONTACTS: uty: Continuous 
“ ? . Arrangements: DC—up to 28 springs Treatment: Centrifugal impregnation 
Observe that the stainless steel hinge pin runs AC—up to 24 springs _ Voltages: DC—up to 300 volts with series 
’ Material: 4,” dia. twin palladium. resistor. AC—up to 250 volts, 60 cy. 
the full width (not just half) of the armature, pro- Up to 4” dia. single silver. MOUNTING: Two #8-32 tapped holes 34” o.c. 
Other materials on special order. Other mountings on special order. 


viding optimum bearing surface. This pin, operat- 
ing in a stainless steel sleeve, shows only minimal 
wear during nearly a third of a billion operations. 

Best of all, P&B quality costs no more. A whole 


new plant is being devoted to the production of GS SERIES—Excollent sensi- 


LS SERIES—Medium coil relay TS SERIES—Short coil relay is 


~~ tivity: 50 mw per movable arm with short springs and light available in AC and DC versions. 
high performance telephone type relays. Your near- minimum (DC). For applica- weight armature for fast Long life construction. Can be 


‘ - ° tions requiring many switch- action, reliability and long life. supplied (DC) with up to 20 
est P&B sales engineer will be happy to discuss your ing elements in small space. springs (10 per stack). 


relay problems. Call him today. P&B STANDARD RELAYS ARE AVAILABLE AT YOUR LOCAL ELECTRONIC PARTS DISTRIBUTOR 


@) POTTER & BRUMFIELD 


DIVISION OF AMERICAN MACHINE & FOUNDRY COMPANY, PRINCETON, INDIANA 


IN CANADA: POTTER & BRUMFIELD CANADA LTD., GUELPH, ONTARIO 
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ong 16401 Otsego St. 

a | Call in the Man from Bristol Motors! available—speed ranges from 1800 

r. State He talks your language—knows how rpm to 1 rp month! You can get vari- 
MIAMI i CadMton to meet your needs and problems. ations in shaft length, voltages, shift 
Obi Cteanthed of Cammnetee Bile. Whether you require a standard and brake action and other special 


motor, a modification of a standard, features for your specific needs. For 


Miami 32, Florida or a new design, Bristol experience dependable, economical synchro- 





nee 1-9941 can be counted on to give you quick nous timing in industrial contro! and 
fohawk 1-7722 delivery of the timer best suited to instrumentation—ask for the Bristol 
- meee i A eR your needs. A wide torque range is Motors Representative in your area. 
, Ss mon y by enwi ublishing orpo- i 

+m ration. Harold G. Buchbinder, President; Milton Write for new Catalog 160. 
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Seismic System Semantics 


An article by Mr. E. F. Kiernan ap- 
peared in the October, 1960 Electro- 
Mechanical Design. This article was an 
interesting and informative description 
of various aspects of seismic systems. 
Unfortunately, there were several er- 
rors in that article which I would like to 
call to your attention. Mr. Kiernan 
defines natural frequency as “that fre- 
quency at which a device or system 
would tend to oscillate, if the damping 
were reduced to zero.” This definition 
coincides with the accepted definition 
that he natural frequency is that fre- 
quency at which the phase lag between 
a sinusoidal input acceleration and the 
motion of the seismic mass is 90°. He 
then states that natural resonance oc- 
curs when “the frequency of the source 
is the same as the natural frequency 
of the driven system.” This, however, 
is only true when the damping is zero. 
The frequency at which natural re- 
sonance occurs (the frequency at which 





When the 
UNPREDICTABLE 


happens 


e « « the kind that creeps 
into the performance of 
newly completed systems. 
(Excess vibration here — 
slight time delay or damp- 
ing needed there. Or 
perhaps stability doesn’t 
match the data projected 
on paper.) To counter 
these variations, many 
of our customers have 
found the AIRPOT® 
an inexpensive 
problem solver. 
AIRPOT is an air- 4 
damping dashpot; pre- § 
cisely constructed to 
operate within close 
tolerances. Its small 
size will rarely 
disturb a system’s 
basic design. 









To learn more about the AIRPOT, contact us af: 


ELECTRIC QR) eecuraror 


. 
CORPORATION 
NORWALK, CONNECTICUT 


“leaders in ovtometic control ond regulation” 
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| times critical. 


an underdamped free system will oscil- 
late after a disturbance) is determined 
as follows: 


f, == £,(1-H’)Y 


Where: f, = natural resonance 
frequency 
f, = natural frequency 


H = damping ratio 
This frequency moves towards zero as 
the damping approaches critical (an 
over-damped system will, of course, 
have no natural resonance). I feel that 
this discrepency can be misleading in 
discussion considering seismic systems. 

Mr. Kiernan’s definition of damping 
is also slightly misleading. He defines 
damping as “the forces acting on an 
oscillatory system to reduce the ampli- 
tude of oscillation.” Although this is 
true for under-damped systems, the 
definition should be worked to include 
any system whether over-damped or 
underdamped. 

Later in the article, Mr. Kiernan dis- 
cusses amplitude resonance and _ notes 
that “as the damping is increased, the 
peak amplitude occurs at lower and 
lower frequencies.” He continues “with 
heavy damping no peak is in evidence.” 
I feel it is pertinent to mention that the 
transition occurs at a damping of 0.707 
At this damping, the 


| frequency at which the amplitude reso- 
| nance occurs approaches zero and the 





peak disappears. 

I feel that this article, with these 
corrections, provides a good, practical 
discussion of seismic systems. If my 
comments above are incorrect, I would 
appreciate hearing from Mr. Kiernan. 
W. J. Barmore 
Chief Engineer Instruments 
Genisco, Inc. 


Here’s Mr. Kiernan’s answer: 


I consider Mr. Barmore’s comments 
to be excellent examples of how easy it 
is to misinterpret the classical theory re- 
garding motion in a damped seismic 
system. 

Referring to my definition of natural 
frequency Mr. Barmore states, quote 


| “This definition coincides with the ac- 


cepted definition that the natural fre- 
quency is that frequency at which the 
phas lag between a sinusodial input 
acceleration and the motion of the 
seismic mass is 90°”, unquote. The 
word ‘motion’ which Mr. Barmore uses 
is a generic term having three compo- 
nents, i.e. displacement, velocity, and 
acceleration. The statement in the 
quote is also unclear as to which compo- 





nent is lagging. Assuming Mr. Barmo 

means ‘displacement’ when he _ uses 
‘motion’, let’s have a look at Fig 3b, in 
my article. . . . At first glance the acce] 
eration of the driving force is lagging 
90° behind the displacement of the 
driven system. However, to so state, 
places the cart before the horse, the 
driving force is the cause and the mo- 
tion of the driven system is the effect. 
It would be better to say that the dis- 
placement of the seismic system lags 
the driving force displacement by 90°. 
Even more pertinent, in some instances, 
is the fact that the velocity of the 
driving force and the acceleration of 
the driven system are in phase, as is 
also shown in Fig 3b and is discussed 
in the article. 

Mr. Barmore next discusses natural 
resonance, quote, “He then states that 
natural resonance occurs when ‘the 
frequency of the source is the same as 
the natural frequency of the driven 
system’. This, however, is only true 
when the damping is zero.” unquote. 
If Mr. Barmore had taken a good look 
at Fig 4, in the article . . . he would 
have observed that the driving force 
frequency coincides with the natural 
frequency at a fixed value regardless 
of the damping. The fixed value is 
determined by th eeffective mass and 
spring constant of the driven system; 
mathematically 

f, = (k/m)% 

where k is the spring constant and m 
is the mass. Incidentally, the curves 
shown in Fg 4 are smular to those 
found throughout the literature and did 
not originate with me. In fact, with 
the exception of Fig 3a,b,c, this holds 
for the rest of the figures. 

With regard to damping . . . I concur 
with the next to last paragraph of Mr. 
Barmore’s comments, especially the last 
sentence. Too frequently one reads a 
statement to the effect that in over- 
damped systems the peak moves toward 
zero frequency and reaches a maximum 
at that point. 

In conclusion I would like to point 
out that many of the differences in 
opinion stem from semantic variations, 
i.e. using the same words to express 
different meanings. As can be noted, 
I prefixed my discussion in the article 
with a set of definitions. 

Anyone interested in the viewpoint of 
another writer on this subject should 
read issues number 2 and 12 of Statham 
Laboratorie’s Instrument Notes. 

E. F. Kiernan 
835 S. Westgate Ave. 
Los Angeles 49, Calif. 
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For the 
finest 
combination 
of vital 
performance 


factors... 


Specify KETAY 
Servo Motors 


Performance and reliability in the 
size 8 servo motor, for example, is 
underscored by: 
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e Unexcelled ratio of stall torque to 





power input at maximum rpm, as 
related in the chart below. 


e High acceleration at stall. 


e Efficient operation over the am- 
bient temperature range of —55°C 
to +125°C. 


» Superior “white room” manufac- 
turing, assembly and inspection 
techniques. 


re = 
TYPICAL PERFORMANCE CHARACTERISTICS 
Type Number OO8E2A OO8E2C OO08E2D 
Excitation Frequency (cps) 400 400 400 
Rated Voltage: 
Fixed phase (volts) 26 26 26 
Control phase (volts) 26 40/20 26 
Input Power at Stall (watts) 4.75 1.73 2.50 
Starting Voltage (volts) 0.68 1.0 0.68 
Stall Torque (oz. -in.) 0.22 0.22 0.30 
Ratio Stall Torque 
to Total Power Input 0.060 0.060 0.060 
Rotor Inertia (gm. cm?) .414 .414 .414 
Acceleration at Stall (rad./sec.*) 36,000 36,000 53,000 
No Load Speed (rpm) 6,500 6,500 6,500 
Temperature Rise at Stall (°C) 50 50 60 
—55 to +125 | —55 to +125 | —55 to +125 





| Operating Temperature Range (°C) 








For more information on these or any other of the complete line 
of Ketay Servo Motors and/or motor generators from size 08 to 


size 23, 26 or 115 volt, 400 or 60 cycle excitation. 


Ketay manufactures a complete line of precision synchros, servo motors, resolvers, 
motor tachometers, gyros, amplifiers and encoders in a wide range of sizes to meet your 
specific requirements. Components are available separately or in modular packages. 


UNITED AIRCRAFT CORPORATION 


NORDEN DIVISION 


KETAY DEPARTMENT, COMMACK, LONG ISLAND, NEW YORK 
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COMPONENTS 
DIGEST 


hand 
book 


Instrument Servo Motors 
Precision Potentiometers 
Electromagnetic and 
Potentiometer Transducers 
Environmental Testing 
Sensitive Relays 

Connectors and Fasteners 
Analog-Digital Converters 
Electromechanical Switches 
Fractional Horsepower Motors 









An indispensable sourcebook of design 
information. First published in ELEC- 
TROMECHANICAL DESIGN and 
now collected in one easy-to-consult 
volume. Puts at your fingertips com- 
plete surveys of each of the categories 
listed above. Easily worth twice the 
price — $7.00. Get your copy now. 
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CONTRACTS 


Studies of high-temperature air may ultimately result in overcoming the com 
munications “blackout” caused by radio waves’ incapacity to penetrate the ionized, 
hot gases surrounding re-entering space vehicles and satellites. A year-long investi. 
gation into the fundamental nature and characteristics of the interaction between 
electromagnetic waves and air at temperatures from 9,000 to 25,000°F will be 
undertaken by the Avco-Everett Research Laboratory. The contract, awarded by 
the Air Force Research Cambridge Laboratories, AFRD, totals $289,330. I 


| includes theoretical and experimental studies of radiation properties, heat and 
| electrical conductivity, and other properties of air in both equilibrium and non- 


equilibrium conditions. 


Nine additional long-range radars for the Federal Aviation Agency's nationwide 
air-traffic control network will be produced and installed by the Raytheon Co. 
under a 5.2 million dollar contract. Through a device which applies spin to the 
radar waves, radars will detect and track aircraft during inclement weather which 
frequently causes excessive “clutter.” Raytheon calls this spin circular polarization. 
Circular polarized microwaves rebound from spherical raindrops to the antenna 
with a reverse “twist” and are blocked from entering the receiver by an electronic 
filter. Microwaves striking irregular surfaces of solid objects, on the other hand, 
rebound with the original “twist”, thus passing unhindered through the filter to 
register on the scope. 


A gyro platform that will furnish precise reference data to the Strategic Air 
Command’s new B-70 intercontinental bomber will be developed and manu- 
factured by the Sperry Gyroscope Co., Great Neck, N.Y. under a U. S. Air Force 
contract. The twin-gyro platform consists of highly accurate accelerometers and 
gyroscopes that will provide attitude and heading reference in any weather, day 
or night, and at any point on the Earth. The lightweight platform, a new form 
of basic flight reference, employs two identical directional gyros set at right 
angles to each other to create a “table” which will remain stable in space 
despite any maneuvering of the aircraft. 


BRIEFLY: 

Fire control systems: $34 million to the General Electric Ordance Dept. 
from the U. S. Navy. 

Capacitors: $1,700,596 to Sprague Electric Co., North Adams, 
Mass. from North American Aviation, Autonetics 
Div. ‘ 

Missile control radar: $8.3 million to Westinghouse from U. S. Navy. 


Analog-to-digital converters: $435,000 to Gulton Industries, Albuquerque, New 
Mexico for the Sergeant Missile Program. 


Silver-zinc batteries: $487,089 to Telecomputing Corp., Cook Batteries 
Div. from North American Aviation, Autonetics 
Div. 


Electronic test equipment: Over $3 million to Fairchild Camera and Instru- 
ment Corp., Clifton, New Jersey from IBM. 

Gyro systems: $370,000 to Giannini Controls Corp., Duarte, 
Calif. from the Martin Co. 


Power supply instrumentation:$61,000 to Computer Engineering Assoc., Pasa- 
dena, Calif. from Convair. 


Polaris inertial $6.6 million to Hughes Aircraft Co., Culver City, 
guidance systems: Calif. from U. S. Navy. 
Digital read-out counters: $23,000 to Bowmar Instrument Corp., Fort 


Wayne, Ind. from Ford Instrument. 
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Inland| d-c torque motors 











provide direct drive servo positioning... 





Complete range... 0.1 to 3,000 pound-feet 


Inland offers a complete line of compact d-c 
torquers for airborne, shipboard or ground service 
stabilization and tracking systems. Increased 
system accuracy has been achieved by mounting 
the torquers directly on the driven member. This 
completely eliminates gear backlash and other 
problems normally associated with gear trains, 
reduces substantially over-all friction error, and 
improves the over-all constant of the system. 
In addition, Inland’s d-c torquers combine the 
compact pancake shape with very high peak 
torque, low input power, and high angular 
resolution. 


Exclusive commutator and brush rigging design 


eee ee eee 


Intand has achieved this compact pancake shape =, AND AMPLIFIERS—Inland makes a wide line of con- 
while maintaining the low-power input to high- trol amplifiers for systems duty with Inland torquers. 
torque output ratio of a d-c torquer. Write for technical details. 


COMPARE THESE RATINGS WITH A TYPICAL SERVO MOTOR-GEAR TRAIN COMBINATION 





| T-2136-A T-2136-B T-2136-D 

Peak torque, oz. in. 35 35 oo 
Volts at peak torque, stalled at 25°C 26.0 20.6 33.5 
Amps at peak torque 1.6 2.0 1.3 
Total friction, oz. in. 0.8 0.8 0.8 
Rotor Inertia, oz. in. sec? .007 .007 .007 
Weight, oz. 9 9 9 
Dimensions (inches): 

O.D. 2.81 2.81 | 2.81 

1.D. | 1.00 1.00 1.00 


Thickness | .63 .63 .63 


For complete data on these or other Inland d-c pancake torquers, address Dept. 4-2, 
Inland Motor Corporation of Virginia, Northampton, Massachusetts. 


(iW/q INLAND MOTOR $?*%*r2ii 


A SUBSIDIARY OF KOLLMORGEN CORPORATION 
NORTHAMPTON, MASS. 
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DOPPLER-INERTIAL NAVIGATION 


Ground Facility Simulating Free Space Boresights Antenna Clusters to Within 0.01 Degree Angular Error 


Stanley Kahn and Bernard Waters, Raytheon Company, Equipment Division, Sudbury, Massachusetts 


When the B-58 Hustler bomber was in its early design 
stages, both the Air Force and Convair recognized that an 
aircraft with such speed and other advanced features re- 
quired a navigation system of the highest attainable accuracy 
and reliability. They decided, therefore, that the inertial 
navigation system to be used should be supplemented with 
a Doppler radar navigation system with accuracy capabili- 
ties theretofore never achieved. To this purpose Raytheon 
Company developed the Doppler Radar AN/APN-113. 

Aircraft Doppler radar operates principally by _trans- 
mitting three separate radar beams from one antenna cluster 
and receiving reflections of these beams from the earth 
(or sea) on another 3-antenna cluster. Information avail- 
able from the reflections is resolved into coordinates of 
forward, transverse and vertical velocity. This information 
is then fed into a navigation computer where it is trans- 
formed into latitude and longitudinal coordinate display, 
or used to operate the aircraft flight controls directly to 
bring it to a desired destination. 

Accuracy of a Doppler navigation system is limited by 
many factors, one of the most important being the accuracy 
with which the transmitting and receiving antennas can be 
aligned in their prescribed directions with respect to each 
other and to the aircraft. The standard method of calibrat- 
ing equipment of this type is to mount the antenna as- 
semblies in an aircraft without precision alignment, fly them 
over a calibrated course, and compare the Doppler radar 
navigator output with actual flight path data gathered. 
After repeated flight tests, the actual error is compensated 
by calibration adjustments. Using this method, an ac- 
curacy of about 1% has been achieved; but the method has 
several drawbacks, including lack of interchangeability be- 
tween antenna assemblies and aircraft. When parts are 
replaced, the system may require additional flight tests 
and recalibration. This method has been found to be 
time-consuming, too expensive and insufficiently accurate, 
without an excessive number of flights under different con- 
ditions, to be applicable for the high accuracy AN/APN- 
113 system. 

During development of Raytheon’s Doppler radar, photo- 
grammetric techniques were used to evaluate system ac- 
curacy. Photographs taken at a given altitude over a meas- 
ured and marked course at precise intervals during flight 
tests were compared with the doppler radar velocity meas- 
urements which had been passed thru special computers and 
recorded on magnetic tape. The data then had to be re- 
duced after the flight test. This process was also con- 
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sidered too costly and time-consuming for production pur- 
poses. 

When Raytheon undertook the program the specifications 
called for a navigation accuracy of 0.1% which was con- 
siderably tighter than had been previously achieved. Allow- 
ing for permissable errors in the electronic and microwave 
equipment, analysis determined that the maximum allow- 
able error in the direction of one antenna beam with respect 
to the others was 0.01 degree. This represents a displace- 
ment of 0.21 inch at 100 feet distance. 

Raytheon decided therefore to align the antennas in a 
ground facility. They have termed this process boresight- 
ing. It required the transmitter and receiver antenna clusters 
to be accurately aligned with respect to each other and 
to a set of mounting supports which would be used to 
position them when installed in the aircraft. The aircraft 
would, in turn, provide the mating supports, previously 
aligned to receive the antenna clusters, thus providing 
interchangeability. The boresighting operation was to con- 
sist of mounting the antenna cluster assembly on a support 
pedestal, fastening it with a mounting and alignment system 
identical to that used in the aircraft and operating it as a 
transmitter in one end of an absorbent tunnel. The signal 
would be received by an array of horns spaced along both 
the horizontal and vertical axes of a receiver stand at the 
other end of the tunnel, a distance of 100 ft. Orientations 
of both the transmitter and receiver pedestals were to be 
controllable in azimuth and elevation. The transmitted 
signal would be compared in horn pairs for amplitude and 
phase differences, and the orientation of both stands would 
be adjusted until the signal differences were nulled out. 
Optical equipment would be used to measure the stand 
rotation angles against a reference and the antennas re- 
positioned until their beams came within the allowable 
tolerance of the specified angles. 

Because of the great distance between the stands preci- 
sion optical methods for measuring the antenna beam angles 
were necessary. Several methods were available for meas- 
urement of relative angles in space, two of the most common 
being auto-reflection and auto-collimation. Although auto- 
collimation is the more accurate of the two its main draw- 
back is the difficulty of viewing this accuracy within a 
telescope at great distance. Therefore we chose the auto- 
reflection method for greater clarity, less chance of reading 
error, and faster use. 

The auto-reflection system uses a target ring mounted 
concentrically on the objective end of a telescope, illumi- 
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AUTO- REFLECTION 
TARGET 














ALIGNMENT TELESCOPE 


Fig 1 Auto-reflection technique. When the axis of the telescope is exactly 90 degrees 
to the mirror, the reflected target will align with the cross hairs of the telescope. 


nated from in front and from a side, and whose face is 
roughly parallel to an optically flat mirror approximately in 
line at some distance away. The reflection of the target 
will be seen through the telescope, and when the axis of 
the telescope is exactly 90° to the mirror, the reflected target 
will align to perfection in both azimuth and elevation with 
the cross hairs of the telescope. However, if the mirror 
or the telescope are slightly tilted in any plane the reflected 
target will not coincide with the crosshairs of the telescope 
(Fig 1). 


KINEMATIC MIRROR 
MOUNT 
/ 


— 


LINE OF SIGHT 
/ 
ans aia io soy MIRROR MISALIGNED 
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MIRROR ALIGNED 
(90° TO LINE OF SIGHT) 


If a mirror were mounted on the receiver stand with its 
optical face parallel with the face of the horns and viewed 
with a telescope mounted on the transmitter stand, the 
reflected image could be used to establish a reference or 
“0” point. By expanding this system to a multiple number 
of mirrors at proper distances apart, both stands could be 
rotated and stopped very accurately at predetermined posi- 
tions when the reflected target showed in the proper mirror 
through the telescope (Fig 2). By adding an accurate 
angular reading system to the telescope on the transmitter 
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AUTO-REFLECTION 


ANTENNA CLUSTER 


Fig 2 Basic geometry of Raytheon antenna boresighting system using auto-reflection technique. 
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NEW PRESSURE DIFFERENCE SWITCH 


SENSES A LOW DIFFERENCE OF 10 P.S.I. EVEN 
IN A SYSTEM AS HIGH AS 5000 P.S.I. 
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n | n SEALED ’ 
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circuit. ELEMENT Ud . 


The new Model 9653 is constructed to 
sense a difference from 5 P.S.I. to 140 P.S.I. between two 
pressures. A sealed piston sensing element actuates an 
electric circuit on increasing or decreasing of a predeter- 
mined pressure difference. It is applicable to oil systems 
ranging from 50 P.S.I. to 6000 P.S.I. working pressure. A 
high proof pressure rating of 9000 P.S.I. is your protection 
against damage from surges and shock loads. Field setting 
is simplified by means of an external adjustment screw and 
visible dial. 
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LABOR & MATERIAL SAVINGS 
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No return drain piping— PISTONS 


(Sealed piston ) 
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SYSTEMS DESIGN 


stand, the angle of rotation could be read directly. With 
slight modifications to its mounting system, we found that 
a Wild T-2 Theodolite mounted on the transmitter stand 
would be the answer. 


DESIGN PROBLEMS 


Although a ground facility appeared to be the only 
practical method for boresighting the antennas to the ac- 
curacy required, it presented many problems in diverse 
engineering fields. 
® Test antennas and receiving equipment had to be sup- 
ported on pedestals completely free from vibration and 
deflections caused by movement of people and equipment 
within the building and ground vibrations due to vehicles 
moving outside the building. Settling and shifting of the 
test stands was specified at a maximum of 0.015 inch per 
year, resulting from all causes. Stability of the pedestals 
and associated machinery presented separate problems in 
themselves. As is generally known, metals possess an 
“elastic” quality that for most applications is negligible, or 
by certain engineering principles can be reduced to minute 
quantities. In some cases, parts are designed to massive 
proportions to minimize deflections for a given load. In 
our case, even small deflections were a serious problem. 
We also recognized that if this stability were to be achieved, 
temperature variations would have to be minimized. Air 
conditioning would have to be specified for the building. 
© Free space had to be simulated within a building to a 
degree compatible with the alignment accuracy require- 
ments. Signal reflections from the tunnel walls would add 
to the directly transmitted signal at the receiver end of the 
building, forming a composite signal which would be 
picked up by the receiver horns. The composite signal 
would vary in both phase and amplitude from the desired 
direct signal according to the strength of the reflections. 
The antenna angles, then, would null on the composite 
signal rather than the directly transmitted signal desired. 
In order to operate within the maximum allowable error of 
0.01°, the reflected energy level would have to be at least 
45 db below the directly transmitted beam signal. This 
requirement represented an isolation level better by 10 db 
than any tunnel that had been previously built for the 
frequency range of our system. 
© Design and construction of the building had to be com- 
patible with all other requirements. The requirement that 
the stands be free of vibration due to vehicular traffic 
dictated that the building be located in an area isolated 
from heavy traffic. To prevent refraction of the optical 
and microwave line of sight, temperature distribution 
throughout the height of the building had to be held within 
a narrow range, and this was further complicated by the 
fact that moving air currents inside the tunnel could not 
be tolerated. The walls required a stiffness which would 
prevent deflections of over 0.015 inch resulting from vibra 
tions and all other causes. 
© Beam angles had to be measured to an order of magnitude 
better than the final accuracy requirement of 0.01°. To 
make these measurements, 0.001° accuracy was necessary 
© In some measurable way, reference surfaces, both for 
mounting the antennas and for later inspection (after num- 
erous flights of the B-58 aircraft) had to be provided in a 
permanent manner. However, these references had to be 
adjustable so as to allow inexpensive mass production and 
assembly. During the boresighting operation, these refer- 
ences had to be accurately defined and made permanent 
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EARTH 

Fig 3 Foundations for the transmitter and receiver stands 
were built prior to construction of the building and 
pouring of its foundation. For each stand foundation, 
four 10 x 10” steel WF beams were driven approxi- 
mately 50 ft deep into undisturbed earth until they 
reached “refusal”. On top of each set of pillars, a 14 
inch thick reinforced concrete platform 18 by 15 ft 
was poured. Embedded in the concrete were steel mount- 
ing pads for support of the stands and associated base 
machinery. When the concrete floor of the building was 
poured, a space approximately one inch wide was left 
around all the sides of the vertical pillars to provide 
isolation from the building floor. This isolation prevents 
vibrations and movements of the building due to storms 
and numerous other environmental causes from entering 
the pillars and being transmited to the pedestals. Most 
of the weight (sufficient to stress or preload the ex- 
terior extremities of the stand) is borne by three jack 
screws, whose contact surfaces are also spherical. In 
addition, very excellent facilities for leveling or “plumb- 
ing” the sands are available. 


* Mounting surfaces in the B-58 aircraft had to be pre- 


pared to receive and accurately position any production 


itenna assembly. 


EDISTAL DESIGN 


Since overall stability of the test equipment was of ut- 
iost importance, rigid foundations were required for the 
ansmitter and receiver pedistals and machinery. A con- 
rete pad resting on four vertical pillars driven into the 
arth was selected as the most effective support for each 
tand, Fig 3 describes design of the pedistal foundations. 
To achieve the specified “boresighting”, accuracy, the 
vedestals had to be completely devoid of lost motion or 
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PACE DC OUTPUT TRANSDUCERS 


with 

integral 
Carrier- 
Demodulator 
combine the 
simplicity of DC 
operation with 
the performance 
advantages of 
magnetic 
reluctance 
transducers: 
Response, Shock 
and Overload 
Resistance, and 


Long Life. 


ACCEPT CORROSIVE FLUIDS 
AND WITHSTAND EXTREME 
PRESSURE OVERLOADS 


Measures low dif- 
ferential pressure 
at high line pres- 
sures. +0.1 to 
5,000 psid pressure 
ranges. Accepts 
} corrosives, both 
© sides, stainless ex- 
> posure. Maximum 
> line pressure of 
= 5,000 psi. Operates 
= on 115 VAC or 28 
me VDC. 


“age 8 gan. 


moat 


© Pressure Ranges of 
> 0-200 to 0-10,000 
© psi, Gage or Abso- 
© lute. Accepts cor- 
© rosive liquids, 
© gases and solid sus- 
© pensions. 115 VAC 
© or 28 VDC opera- 


@ tion. 


) Qualified for Mis- 
sile In-flight appli- 
cations. Operates 
on 25-30 VDC. 
Available with 
ranges of 5 to 1,500 
psi, differential, 
gage or absolute. 
9 Output, 0-5 VDC. 


© Pressure ranges of © 
> 0.1 to 2,000 psi, 
_ gage or differen- 
| tial; 5 to 2,000 psi, 
© absolute. 115 VAC 
~ or 28 VDC opera- 
» tion. Accepts cor- 
\ rosive liquids and 
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Fig 4 Azimuth drive system. The variable speed long usage, wear occurs between the nuts and screw, 
motor drives thru a mechanical variable-speed drive one of the nuts can be preloaded again and re- 
whose output shaft is coupled to a Beaver Precision doweled. These techniques insure against lost mo- 
Product’s ball-screw and a ball-spline assembly. Be- tion or inaccuracy over the life of the stand. Although 
tween the ball-screw and ball-spline assemblies is a both ends of the ball screw are mounted on Timken 
common housing or bridge on which is a pivot shaft. tapered roller bearings and preloaded so that the ball 
From this pivot shaft, a link-arm connects to the screw is in tension, it tends to deflect under certain 
main drive yoke that rotates the entire upper portion conditions because of its length. A _ ball spline, 
of the pedestal in azimuth. The ball screw is hard- which is a stationary hollow tube, imparts stiffness 
ened and ground steel, with two nuts containing re- to the ball screw through the common bridge. This 
circulating hardened steel balls, mounted on opposite ball spline is constructed along the same principles 
ends of the common bridge. By fastening one of as the ball screw, with recirculating hardened steel 
these nuts to the common bridge and rotating the _ balls rolling, in splines or grooves on the surfaces of 
other until contact is made with the bridge on the the tube, from one end of the tube to the other. 
opposite end, a preload is applied between the two This tube is also stressed by holding it in tension 
nuts and the ball screw. After preloading, the second from both of its threaded mountings on the ends. 
unit is doweled against any radial motion. If after 



















backlash. Use of gears was therefore avoided wherever careful to distribute weight over and around pivot points 
possible because of the wear that occurs between gear teeth. so as to achieve good balance and eliminate or decrease 
And wherever gears were used they were designed so that eccentric loading. As a result, deflections from static load- 
adjustment could be easily made to compensate for wear ing, which was kept low in relation to the mass of the 
whenever necessary. The majority of the drive equipment supporting members, are small. Fig 4 describes the azimuth 
is composed of massive cranks, levers and arms whose con- drive system. 


necting or pivot points are rugged shafts and opposed 
precision Timken tapered roller bearings. At assembly, TUNNEL AND BUILDING DESIGN 
all of these bearings were preloaded so that all axial and, 





most important, all radial play were removed. In addition, The firm of Emerson & Cuming, Inc. of Canton, Mass. 
all pivot points were included in a small sealed cavity that was hired as a consultant to provide the tunnel design and 
could be filled with light oils for lubrication. Light oils specify the absorbent lining materials to meet the isolation 
were used to keep friction or drag in the bearings to a level required. They recommended the shape for the in- 
minimum. terior of the tunnel illustrated in Fig 5. 

Another design technique that decreased deflections The building was designed to fit the shape of the tunnel 
during test stand operation was to keep all of the heavy following the angle of the tapered walls, ceiling and floor 
parts near the base and adequately supported and to use Requirement that the tunnel dimensions be held within a 
lightweight aluminum alloys in the upper portions. Since tolerance of 4 inch and that tunnel deflections not exceed 
the building was air conditioned, expansion and contraction 0.015 inch were unique in the building trade, especially 


of dissimilar metals was no problem. We also were very in view of the size of the building. They were met by 
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From layout to finished equipment. . 


Tell-tale monitoring — all 
controls easily accessible, up 
front. 
trouble instantly, isolate it to 
a specific modular unit. 
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More in-service reliability through: 


: 


Quick removal — 


Tiny tell-tales spot 


malfunc- 
tioning unit can be removed 
with a half turn of the wrist 
reducing down-time to 30 
seconds with plug-in spare. 


N Plug-in components for electronic systems 


Alden plug-in components offer far more than the convenience and ease 


of modular packaging . . . the prime advantage of these basic building blocks 
is that they make possible more reliability in service. 





In-service checks — Alden 
Adapter Cable brings chassis 
out into the open while in 
operation for quick checking. 


Quick replacement — mal- 
functioning component can be 
snapped out and replaced in 
seconds. 





Single point of check — all 
leads brought to single 
checkpoint — makes possible 
color coded, vividly illus- 
trated circuit legends. 


Quick repair — rugged. port- 
able carrying case protects 
chassis. Replacement of mal- 
functioning chassis is only 
air mail time away from ser- 
vice center. 
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Unitize circuitry incompact, vertical 
planes with Alden Terminal Card 
Mounting System — Your circuitry 
is assembled in complete units, 
ready for housing. 
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Mount cards in Alden Basic Chassis 
for tremendous variety with stand- 
ard components — Alden provides 
standard plug-in or slide housings. 
With spares, units are replaceable 
in 30 seconds. 
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Alden plug-in package 4 sizes: 7, 9, 11, and 20 pin 








Alden Basic Chassis 
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Picture Frame Rack Adaptor — for mounting Alden 
Basic Chassis in any combination. Mounts in standard 
a rack or Alden UniRacks. 











Mount sub-assemblies in Alden 
UniRacks — UniRacks fully utilize 
all the features of plug-in construc- 
tion, give you a more compact, 
serviceable unit. Furnished in 2 
basic heights, either mobile or sta- 
tionary — easily accessible, front 
or rear. 
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to each unit to spot trouble instantly 
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Write today for new Alden Plug-in Booklet 
and handy, up-dated Quick Order Guide. 








Terminal Card Mounting Kit #42 — Includes new Alden 
Staking Tool plus prepunched terminal cards, ratchet ter- 
minals, eyelets, brackets, and card mounting tube sockets 


—everything for simplified, 
time saving circuitry layout. $49.95 





























Basic Chassis and Terminal Card Assortment Kit #37 
— All necessary components to mount, house, fasten and 
monitor your electronic circuitry. Makes 
sense, save time, establishes reliability. $249.50 


Other kits from $11.50 


PRODUCTS COMPANY, 2138 N. Main Street, Brockton, Mass. 
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Fig 5 Raytheon’s antenna boresighting tunnel, 100 feet long overall, 36 feet high, and 46 feet wide at the receiver end, is charac- 
terized by a multiwalled labyrinth trap at the transmitter end, followed by an aperture with critical shape and dimensions that 
are functions of the transmitted frequency and shape of the radiated beam. Following the aperture, the tunnel surfaces all diverge 
uniformly toward the receiver end. The labyrinth trap at the transmitter end of the tunnel is designed to cause all the energy 
radiating from the sides of the antenna to be bounced by successive reflections, each one reducing the power level, before they get 
through the aperture opening. 


designing the walls and roof supports in the form of steel 
trusses interlaced with cross braces giving the tunnel sup- 
ports the required stiffness. Tunnel surfaces and corners 
were located by measuring and laying them out with optical 


surveying instruments. 

The building site chosen was formerly a farm, situated 
at a considerable distance from any highways and centered 
amidst a grove of trees to block high winds. Heating and 
air conditioning for the building are provided by a forced- 
air circulating system that originates in an area beside the 
tunnel. The air is drawn through two air-conditioning units, 


which heat or cool it as required, and is discharged through 
ducts over the top of the tunnel. The air passes across 
the top, down the far side, and returns under the floor 
of the tunnel, back to the air-conditioner area. In this 
way, the tunnel is surrounded by a blanket of air at uni- 
form temperature and its temperature remains constant 
without the need for air currents passing through it. 
Incandescent lights are used throughout the building for 
illumination. Flourescent lights were avoided because of 
the possibility of noise being introduced into the microwave 
or electronic circuits. The entrance to the building, both 
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Fig 6 Block diagram of transmitter circuits. The klystron power supply is located in the operating console, and the klystron and 
microwave components are located on the transmitter stand. The power supply is turned on and tuned. The klystron is tuned 
through its own adjustments, and the adjustments on the associated microwave components until its output is peaked at the cor- 
rect frequency. Klystron power output is indicated both on a meter on the stand and on a duplicate meter in the console in 
view of the operator. Microwave power is fed to a two-position waveguide switch which can transfer the power to either the 
antenna or a dummy load, then to a three-position switch used for selecting the dish to be tested. Two additional two-position 
switches are used in the feed to the outer two dishes to select the path for coupling to a transmitting antenna or a receiving 
antenna cluster. Both are operated as a transmitting antenna during the boresighting operation. 

A running time meter and a cooling fan function simultaneously with the klystron heater circuit when the power supply is 
turned on. This is done by bringing leads from the power supply out through a special connector built into the power supply panel. 
The running time meter provides an indication for the remaining life that can be expected from the klystron tube. Air from 
the cooling fan is directed at the klystron to help cool it and prolong its life. The operating temperature is sensed by a ther- 
mocouple mounted on the klystron body and indicated at the control console. 
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ACTUAL SIZE 


NEW KEARFOTT DIGISTROBE* DISPLAY 


Kearfott’s new, highly compact Digistrobe digital display 

utilizes the stroboscopic principle to produce an exceptionally 
high-definition readout in the actual size shown here. 

Through the use of a unique shutter arrangement, a single 
diode-encoding matrix is shared by all columns (5 in the standard 
model), resulting in substantial savings in electronic components 
and circuitry. The fast response time of the Digistrobe 

(56 milliseconds transition from one five-digit quantity to a totally 
different one) permits a single unit to sample several different inputs 
on command through an input selector switch. Up to 15 
individual displays of existing types can thus be replaced 

by a single Kearfott Digistrobe! 


Incorporating only two moving parts and exclusively solid-state 
switching circuitry, the Digistrobe has extremely long life expectancy 
and requires minimum maintenance and service. Operation 

is directly from the output register of a computer, counter or 

allied equipment, eliminating the cost of intervening circuitry. 

Two years of extensive laboratory tests assure compliance 

with Kearfott’s rigid standards of quality. For complete data 

and specifications, write for Digistrobe bulletin. 


*Kearfott Trademark 


KEARF OTT DIVISION 
D GENERAL PRECISION, INC. 


Little Falls, New Jersey 
CIRCLE NO. 29 ON INQUIRY CARD 


SHOWN 2 SIZE 


HIGH- 

ACCURACY, 

WINDING COMPENSATED 
RESOLVERS 


Kearfott precision resolvers are high accuracy units par- 
ticularly applicable to analog computers and automatic 
control systems. The resolvers are capable of holding the 


angular arc error to accuracies within 20 seconds from 
electrical zero. A compensator winding provides feedback 
voltage for a resolver isolation amplifier. Unity gain from 
the amplifier input to resolver rotor output is made pos- 
sible by adjustment of a resistor. Since compensator and 
rotor winding voltages vary with temperature and fre- 
quency in a parallel manner, the feedback loop is auto- 
matically adjusted to compensate for these variations. 


Kearfott 
Unit No. R980-41D 1980-003 425506 
Size ll 15 25 


Accuracy 
(Max Error 


TYPICAL from E.2.) 5minutes 5minutes 20seconds 


Function Error .1% max 05% max .01% max 
PERFORMANCE -, -itation 


DATA: (400 cps) 60 volts 60 volts 115 volts 
* Transformation 
Ratio 


(Rotor to 
Stator) 980+ .020 980+.010 980+2% 


Phase Shift 7.5 lead 8.5 lead 0°+1 min 


Write for complete data 


KEARFOTT DIVISION 


Gp GENERAL PRECISION. INC. 


Little Falls, New Jersey 
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SPECIAL PURPOSE 
PRECISION BEARINGS 
FROM KEARFOTT 


Highest quality, special purpose precision bearings are now 
available from Kearfott Division, General Precision, Inc. for 
military and industrial applications requiring utmost reliability, 
accuracy and stable performance. Over 10 years of research, 
testing and development have gone into the production of these 
outstandingly reliable, precision bearings. 


Designed to meet the most exacting systems standards, these 
special purpose precision bearings have more than passed the 
test of time, delivering long life performance for Kearfott gyros, 
instruments and other critical airborne equipment. Engineering 
and technical excellence derived from long experience enables 
Kearfott to ensure delivery of bearings that provide unsurpassed 
qualities of roundness, concentricity, curvatures, finish, dimen- 
sions and functional tolerance. 


Special purpose, high precision bearings from 0.3125 to 4.5 
inches O.D. are now ready for production delivery in a wide 
range of application types including— 


@ SEPARABLE TYPE BEARINGS for gyro spin axes 
@ STABLE PLATFORM GIMBALS 
@ GYRO PRECESSION AXES 


@ OTHER SPECIALIZED, HIGH PRECISION 
bearing applications 


Write for complete data 


KEARFOTT DIVISION 


Cp GENERAL PRECISION. INC. 


Little Falls, New Jersey 
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SPECIAL 
INDUCTION 
MOTORS 
FROM KEARFOTT 


Kearfott Special Induction Motors meet the needs of a 
wide range of application problems. The motors shown 
here represent only a part of the many types available for 
the most demanding loads and environmental conditions. 


F-25-2 | 12.4 H.P.-COMPACT INDUCTION MOTORS 


A uniquely compact, 3-phase induction motor for axial vane blower 
applications, only 5¥%2” diameter, 93,” long. 
Input: 200 volts, 400 cps, 3 phase 
10.1 KW at full load 
Output: 12.4H.P.,11,600 RPM 
Weight: 17.72 Ibs. 


DF-15-5 | EXPLOSION-PROOF INDUCTION MOTOR 


A miniature, base mounted, totally enclosed, fan cooled motor de- 
signed to drive airborne jet-fuel pumps. High starting torque is 
equally applicable to driving gear pumps and compressors. 

Input: 208 voits,400 cps, 3 phase 


173 watts at full load 
TYPICAL CHARACTERISTICS — outout: 0.15H.P. 5,300 RPM 


Weight: 4.75 Ibs. 
BF-15-14 | TOTALLY ENCLOSED FAN-COOLED INDUCTION MOTOR 


This motor is designed as the driving unit for fuel, air, and hydraulic 
pumps for aircraft under severe environmental conditions. 
Input: 115 volts, 400 cps, 3 phase 
TYPICAL CHARACTERISTICS Output: .03H.P., 10,000 RPM 
Weight: 1 Ib. % oz. 


A-10-11 | HIGH TEMPERATURE 
SPLIT-CAPACITOR INDUCTION MOTOR 


This subminiature motor is designed to operate over the ambient 
temperature range of —55° C to +125° C. It can be supplied to 
drive either vane or axial-type fans for chassis cooling. 
Input: 115 volts, 400 cps, 3 phase 

11.5 watts at full load 
Output: 1/400H.P., 10,500 RPM 
Weight: 3.5 oz. 


TYPICAL CHARACTERISTICS 


TYPICAL CHARACTERISTICS 


Write for complete data 


KEARFOTT DIVISION 


>) GENERAL PRECISION. INC. 


Little Falls, New Jersey 
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Fig 7 Block diagram of pedistal drive system. As shown, there 
are two separate drive systems for each plane of motion, a high- 
speed drive using a General Radio variable speed motor con- 
trol and a separate vernier drive for the fine slow-speed control. 
A Graham variable speed drive is used as a two-speed geared 
reducer. Its ratio is changed by a motor located on the drive 
case which rotates the speed change shaft. A cam on the shaft 
trips a limit switch at either the high-speed or low-speed posi- 
tion desired and the drive then remains at a fixed ratio deter- 
mined by the cam seting. In addition to the fixed positions, 
the G. R. drive provides a continuously variable speed change 
in each of the two speed positions selected. One G. R. drive 
control is used for the motors in the two planes of motion. Its 
input and output circuits are selected by an axis selector switch 
which completes the circuit only for the axis selected. A mag- 
netic brake locks the drive to eliminate coasting and to hold the 
stand in a fixed position against unbalanced weights. 

In operation, the speed selector switch is thrown into either 
high-speed G. R., low-speed G. R., or vernier position, and the 
axis selector is switched to the plane of motion desired. The 
drive is then operated by a vertical lever switch with a forward 
and reverse position, both sprung to the off position. In either 
G. R. drive position, the motor is actually controlled by a relay 


for personnel and equipment is constructed in the form of 
a closed vestibule to provide an air lock. It is equipped 
with doors both to the outside and inside so that entrance 
can be gained by opening one door at a time, thus pre- 
venting drafts and air currents which would upset tem- 
perature uniformity. 


ELECTRICAL EQUIPMENT 


The electrical equipment, comprising the stand drive 
circuits, and the microwave and electronic circuits, is lo- 
cated in four areas: (1 and 2) the two test stands, (3) 
an operating control console located at the transmitter end 
of the building and (4) an electronic rack located near the 
receiver stand. Fig 7 is a block diagram of the drive 
circuit. This diagram shows the equipment for one stand 
only, the other being identical. Figs 6 and 8 are block 
diagrams of the electronic circuits for the transmitter and 
receiver stands, respectively. 
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TRANSMITTER 
SYNCHRO 











to prevent heavy currents from passing through the switch con- 
tacts. The speed change motor on the Graham drive is inter- 
locked with the drive switch so it operates only when power 
is suppled to the drive motor. 

The vernier motor drives the stand through a limited motion 
(0.050° in one minute) by means of a long linkage bar, pro- 
viding an extremely slow speed drive for final nulling. It is a 
two-phase worm geared motor controlled directly by the opera- 
ting switch. The axis selector switch is not used in this circuit. 
The vernier motor is prevented from coasting by a dynamic 
brake which applies direct current to one motor winding when 
operating power is turned off. 

Each axis of each stand turns a position transmitting synchro 
connected through a gear ratio of 36 to 1. This synchro feeds 
information to a receiver synchro located in a display panel on 
the operating console. By this means both planes of both stands 
can be quickly driven to the preset position for any dish on 
either a transmitter or receiver antenna cluster by operating the 
stands until the synchro indicators point to the right dial preset 
markings. 

A number of circuit interlocks provide for safety of the equip- 
ment and the convenience of the operator. 


ALIGNMENT OF STANDS 


Precise alignment of the electrical and mechanical com- 
ponents of the two stands was one of the most critical re- 
quirements and the one most vital to the success of the 
program. The techniques used were unique when com- 
pared to similar processes requiring lesser degrees of ac- 
curacy. 

Transmitter stand alignment is primary in this technique 
because it establishes the boresighting reference lines by 
measuring from reference lines in the antenna structure 
that are to mate reference lines in the aircraft. For this 
purpose Wild T-2 Theodolite is mounted to a large cast 
aluminum alloy mounting fixture, which is also the mount 
for the antenna clusters during “boresighting”, and _ this 
fixture is kinematically mounted to the face of the trans- 
mitter stand. Except for their physical size the mounts for 
transmitting and receiving antennas are identical. On the 
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Fig 8 Block diagram of receiver circuits. A klystron is used 
at the receiver stand as a local oscillator. It is tuned to a 
frequency of 30 mc higher than the transmitter klystron, 
producing a 30 mg beat with the signal picked up by the 
receiver horns. The diagram shows use of one pair of 
horns, forming one signal channel. A total of eight chan- 
nels are used with four hor pairs arranged horizontally 
and four vertically. The other seven circuits are identical 
with the one shown, the only difference being that one 
local oscillator klystron feeds the eight mixer T’s by means 
of power divider microwave circuits. The klystron power 
supply is turned on at the console, tuned and adjusted for 
output power in a manner similar to that of the transmitter 
klystron, and connected to a running time meter and cool- 
ing fan by means of an identical circuit. The receiver 
klystron is adjusted at the power supply to oscillate at a 
frequency swept through a range of 2 mc with a low 
frequency saw-tooth sweep. This eliminates the require- 
ment that both klystrons operate with an ultra stable out- 
put to maintain a stable I. F. amplifier signal. It also pro- 
vides a baseline on an oscilloscope for observing the output 
and makes the error signal observed appear as a pip on 
the baseline. 

The signal from the transmiter stand is received by the 
pair of horns shown in the drawing as A and B. Any 
difference in either the amplitude or phase of the signal 
received appears as a resultant signal which is fed into the 


forward end of the antennas, on both the left and right- 
hand side, is a spherical bearing mounted in a cup. This 
bearing contains a hole to receive the mounting stud on 
the test stands. The stud is a facsimile of those used in 
the B-58 Hustler Aircraft. On the aft end of the antennas 
is a single smooth stud whose axis is at right angles to 
the axis of the holes in the spherical bearings. In the B-58 
Hustler Aircraft, this stud slides into a hole in a spherical 
bearing fastened to the aircraft. On the test stand, this 
stud is set into a “V” block with a clamp that bears against 
the stud to seat it well (Fig 9). 

The shoulders on the two mounting studs that bear 
against the spherical bearing, must be perfectly aligned to 
each other in height and to the surfaces of the “V” block 
so that the proper attitude of the antenna cluster’s beams 
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mixer T. Here it combines with the swept frequency out- 
put of the local oscillator klystron producing a frequency 
modulated 30 mc 1. F. frequency signal. This signal is 
amplified and detected in the I. F. amplifier and appears 
at the output as a vertical pip superimposed on a baseline, 
repeated at a 60 cps repetition frequency. 

Output signals of all the I. F. amplifiers are carried 
through the building in coaxial cables back to the console. 
Six of the eight channels (those of the three innermost pairs 
of horns on each axis) are then fed into low frequency 
transistorized amplifiers. The outputs of these amplifiers 
close relays lighting panel indicator lamps which serve as 
visual indicators of error voltage present in the correspond- 
ing receiver horn pairs. The remaining two I. F. amplifier 
output signals (those from the outer-most pair of horns on 
each axis) are connected to oscilloscopes for visual display 
of the error signal shape. In normal operation, the oscillo- 
scopes are connected to observe the outer horn pairs, but 
by means of selector switches, they can be connected to 
monitor the error signal of any horn pair channel. The 
oscilloscopes are required in the circuit of the outer pair 
of horns during operation to provide sufficient sensitivity 
to assure meeting the beam angle tolerance required. The 
indicator lights are incorporated to provide quick reference 
to show if the stand is out of position by a large amount 
such as a multiple of a half wavelength. 


can be maintained when the antennas are mounted in the 
B-58 aircraft. 

The faces of the transmitter test stand and the aluminum 
mounting fixture are adjusted roughly parallel to each other, 
and then both are rotated in elevation until plumb. Then 
the Theodolite, with a striding level affixed to it, is rotated 
through the major points of the compass and adjusted until 
the collimation level and striding level show closely the 
same degree of level. In other words, until the azimuth 
axis of the Theodolite is plumb and the telescope barrel 
is level to the earth. Next a 90° prism, or optical square, 
is fitted on the objective end of the scope so that it can be 
rotated about the axis of the telescope barrel enabling a 
viewer to sight on objects 90° from the axis or line of sight. 
In the final step, optical scales are fitted against the 
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Fig 9 Diagram illustrating alignment of transmitter stand. 
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hortest way to better production, 
smoother product performance: G. S. Bevels 


Nobody argues with the old axiom, “Time is Money”—and 
it's more and more costly to have assembly operations inter- 
rupted or slowed down by ill-fitting or defective parts. G.S. 
customers (whose roster reads like a Blue Book of American 
industry) don’t worry about such problems. They’ve learned 
that they can rely on famous G.S. precision manufacturing 
methods and rigid inspection systems for Small Gearing made 
right, every time—Gearing which meets demanding specifica- 
tions, makes assembly smoother, gives efficient performance 
in product use. 


Perhaps you use full-generated and hardened Straight Tooth 
Bevel Gears cut from alloy steels, like those illustrated (they’re 
used in outboard motors). Perhaps you need Spiral Bevels or 
Zerols. Whatever your requirements for Bevel Gearing, in- 
cluding Helicals, Internals or other types, G.S. engineering 
and G.S. quality belong on your production team! 
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Vu” Small Gearing Guide. 
Contains useful 
charts. Send for 
your copy today! 





Specialties, Inc. 


2635 WEST MEDILL AVENUE 
CHICAGO 47, ILLINOIS 









SPURS © SPIRALS @ HELICALS © BEVELS * INTERNALS 
WORM GEARING * RACKS * THREAD GRINDING 





WORLD'S LARGEST EXCLUSIVE MANUFACTURERS 
OF FRACTIONAL HORSEPOWER GEARING 
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SYSTEMS DESIGN 


bearing shoulders of the antenna mounting studs and on 
the “V” block, and the mount is adjusted until an equal 
arbitrary value is sighted on the scales. 

The basic techniques for aligning the received stand are 
similar to those for aligning the transmitter stand. The 
object was to align the stand so that the faces of the array 
of 16 receiver horns would lie in one plane within a toler- 
ance of 0.002 inch, and so that the optically flat surfaces 
of the 6 mirrors, as well as the face of the stand, would 
be parallel with the plane of the horn faces. Also the 
mirrors had to be positioned on the stand at spots cor- 
responding to the locations of the theodolite image when 
each of the three transmitter and three receiver antennas 
was being tested. 

Then, for each antenna tested, when the transmitter 
stand was rotated with respect to its zero reference position 
to the angle prescribed for that antenna, and when the 
orientation of the receiver stand was adjusted until the 
theodolite image was centered, the plane of the horn faces 
at the receiver stand would be normal to the prescribed 
direction of the antenna beam. 

The receiver stand face and horns were aligned by means 
of a K and E optical telescope with a 90° angle prism 
mounted on the stand at the center point between the horns. 
Auto-reflection measurements by means of the theodolite 
on the transmitter stand were used to align the mirrors. 

Write No. 187 in Box on Inquiry Card 


ENGINEERING STUDY 


Correspondence and On-Campus Courses 


New opportunities for the practicing engineer to enhance 
his technical education are being offered by the University 
of California and the University of Michigan. 

For the first time, a major university, the University of 
California, offers a nation-wide correspondence course to 
aid engineers preparing for professional registration. The 
course also aims at engineers who wish to review funda- 
mentals. The course was developed after analyzing over 
100 examinations utilized by 35 states. Three years went 
into researching and preparing the program. For further 
information write to: Dept. Corr. Inst. Univ. Extension, 
U. of Calif., Berkeley 4, Calif. 

On-campus, non-credit courses in new fields of technology 
are available this summer at the Univ. of Michigan. 

Among the intensive Courses are three especially pertinent 
ones: “Semiconductors Theory and Technology,” provides 
quantitive understanding of the solid state and chemical 
principles underlying semiconductor devices. “Advanced 
Topics on Solid States Masers” consists primarily of recent 
developments in solid state masers treating such topics as 
cross relaxation, optical and infrared masers, applications of 
maser systems, etc. “Fundamentals of Infrared Technology” 
covers infrared radiation, infrared atmospheric transmission, 
detectors, optical principles, materials and components, and 
the analysis of instruments and systems. For additional 
information write to: Eng. Summer Conferences, U. of 
Michigan, 126 W. Eng. Div., Ann Arbor, Mich. 


MORE RELIABLE SYSTEMS USING 


MAGNETIC AMPLIFIERS 


COMMON-MODE 
rejection 


~ LONG-LIFE 
expectancy 


INSTANT 
warm-up 


RUGGEDIZED 
design 


ISOLATED 
inputs & outputs 


HERMETICALLY 
Rr vel lve] 


PROVEN 
eo frei elise 


REDUCED 
power drain 


REDUCED 
size & weight 


TMX: 
SOUTHFIELD 
970-U 


(1) LOW-COST RELAY AMPLIFIERS:—Amplify DC signals from 3 to 
200 microwatts; outputs to 7 watts, AC or DC. Simplified single-ended 
construction saves 24 cost of instrument amplifiers, yet maintains 
same high reliability. Operates relays, solenoids, etc. Available in both 
60 and 400 cps models. See Technical Bulletin No. 70. 


(2) PUSH-PULL INSTRUMENT AMPLIFIERS: — Outputs of +7.5 volts 
DC from DC signals of 75 to 750 microamperes, depending upon 
model; use only 3 watts at 115 volts. Units have linear characteristics 
with balance and gains stabilized from —55° C to +-100° C. Ideal for 
analog and process controls, with high reliability and stability. 
Available in twelve 60 and 400 cps models. Full engineering data in 
Technical Bulletins No. 46 and 60. 


(3) “ACROSTAT” HIGH-GAIN, LOW-LEVEL PREAMPS:—A brand-new 
series of second harmonic magnetic null pre-amplifiers. Gains up to 
1,000,000, Zn; null balances to one micro-microwatt, DC. One micro- 
ampere of DC control gives one volt of DC output. Operates from 115 
volts, + 10%. ideal for thermocouples, strain gauges, null detectors, 
meter pre-amplifiers. Full data in Technical Bulletin No. 10. 


Models above AVAILABLE from STOCK for IMMEDIATE DELIVERY 
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22515-A TELEGRAPH RD. SOUTHFIELD (DETROIT), MICH. 
PHONE: ELGIN 7-0030 
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LOOK TO AMERSIL FOR ALL HIGH PURITY 
FUSED QUARTZ REQUIREMENTS 


Amersil manufactures and fabricates high purity fused 
quartz for ultraviolet transmission application, labora- 
tory ware and production equipment. These products 




















PRECIOUS METAL CONTACTS 
FOR HIGH-RELIABILITY Se 

















Precious metal contacts in pure or alloyed forms of sil- include standard apparatus, plain tubing in many in- 
ver, platinum, palladium and gold provide unmatched tricate fabrications, crucibles, trays, cylindrical contain- 
resistance to atmospheric corrosion, deformation, arc ers and piping in a full range of sizes up to 25” in 
erosion, binding and metal transfer. Baker high-relia- : diameter. Ingots and plates are available in general 
bility precious metal contacts are supplied as wire, rod, commercial quality as well as in special optical grades. 
sheet and in a complete line of fabricated forms. Facil- ; Amersil engineers are also prepared to assist in devel- 
ities are also available for manufacture to your speci- oping fused quartz and silica equipment for special 
fications. ; requirements. 





BAKER CONTACT DIVISION : AMERSIL QUARTZ DIVISION 
207 GRANT AVE. * NEWARK, HARRISON P.O., N. J. : 685 RAMSEY AVENUE ® HILLSIDE, N. J. 
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13 AST R STREET - NEWARK 2 a ee a 










SALES OFFICES: CHICAGO + DALLAS + DETROIT + 
HOUSTON + LOS ANGELES + NEW YORK + ORLANDO - 
PROVIDENCE + SAN FRANCISCO + WASHINGTON, D. C. 














Please send literature as indicated below, 


LEADERSHIP IN DESIGN AND addressed to my attention: 
MANUFACTURE OF SLIP RING ASSEMBLIES 


















Complete facilities, metallurgical and engineering serv- > [ Precious Metal Contacts [) Fused Quartz 
ices are available for design and manufacture of slip 

ring assemblies to critical specifications, ranging in [] Slip Ring Assemblies 

diameter from 1” to 48” and larger—for General Pur- 

pose, Radio Frequency and Video Ring Circuits, High : NAME 

Speed Instrumentation, High Voltage Ring Circuits and —_—T 





Power Pulse Slip Rings. A slip ring data file is available 










—write for your copy. FIRM 
STREET 
D.E. MAKEPEACE DIVISION : 
PINE & DUNHAM STREET * ATTLEBORO, MASS. * Cir ZONE STATE 
FOR FUSED QUARTZ FOR SLIP RING ASSEMBLIES FOR METAL CONTACTS 
CIRCLE NO. 89 ON INQUIRY CARD CIRCLE NO. 88 ON INQUIRY CARD CIRCE NO. 15 ON INQUIRY CARD 
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S/MPLE, RELIABLE 
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DIRECT CONTROL PROGRAMMING 


U 


U 1 


Inousrfia PUNCHED CARD AND PUNCHED TAPE 
» fl PROGRAMMING EQUIPMENT 


U 


Automatic equipment designed to provide direct 
control, without coding or decoding, for as many 


as 85 individual load circuits, through 30 or more 


different steps of an industrial process. 

The Programmer is governed by a simple, punched 
vinyl card. The card or tape is advanced from 
position to position by a simple external switch 
closure signalled by feedback, time, limit switch, 
thermostat, and many others. 

Programming equipment operated by punched 
tape is also available. Modular design permits 
addition of accessory banks of memory-type load 
relays. Industrial Timer Programmers are now in 
use for the automatic control of steel and alumi- 
num blooming mills, structural steel fabrication, 
batching solid rocket fuels, and many other indus- 
trial processes. 





Complete information in Bulletin 100, sent on request. Write or phone, 


INDUSTRIAL TIMER CORPORATION 


1405 McCarter Highway, Newark 4, New Jersey 
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Fig. 1 Using Resistance Potentiometers. 
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Fig. 2 Using Vernistat Potentiometers. 


HOW VERNISTATS SAVE AMPS AND 
AMPLIFIERS IN A COMPUTER STAGE 


Here’s a whopping good example of an 
equation solved by two different cir- 
cuits. It multiplies three variables (shaft 
angles) by three constants and throws 
in a couple of additions and multiplica- 
tions for good measure: 


E,.—(K+A@®,) + (Be.) + Ces 


At a glance you can see how the use of 
Vernistat precision a.c. potentiometers 
simplifies the circuit. 

Due to the high output impedance of 
resistive pots, an isolation amplifier is 
required in the multiplication section of 
the circuit in Figure 1. For addition, 
summing resistors are used in conjunc- 
tion with a feedback amplifier. The sys- 
tem is accurate enough, but it suffers on 
two counts: 1. the amplifiers chew up 
power and throw off heat; 2. use of the 
amplifiers reduces the circuit's relia- 
bility, since reliability is a function of 
the number of elements in a system. 


No isolation amplifiers are needed, 
thanks to Vernistat’s high ratio of input 
to output impedance. Addition is accom- 
plished simply by using phase reversal 
in an input transformer. By eliminating 
amplifiers, the Vernistat gives you reduc- 
tions in size, weight, power supply 
requirements and heat rise. 

Don’t overlook other advantages of the 
Vernistat. This remarkable, new circuit 
element provides high linearity, low 
phase shift and precise voltage division. 
It takes ten turns of the shaft to cycle 
through its voltage range, and the shaft 
may be turned forward, instead of back- 
ward, to its starting point. 

If you’re looking for high resolution 
with practically no background of phase- 
shift “noise” (quadrature), Vernistat a.c. 
potentiometers are for you! Make sure 
you get a full rundown on their construc- 
tion, specifications and applications by 
writing to us. 


If your business involves design of analog computers, servos, and other controls—then 
resolve to look into the Vernistat picture immediately! Our literature may help you soar 
to new levels of design thinking. Write now! 
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SIZE Il VERNISTAT 
AC POTENTIOMETERS 


These miniature, ten-turn compo- 
nents are approximately 124 inches 
long, a little over an inch in diameter, 
and weigh only 2 ounces. The Series 4 
operates at 400 c.p.s. at 20-40 volts 
maximum input. Input impedance is 
2,500 to 30,000 ohms; output impe- 
dance, 40 to 200 ohms. Terminal con- 
formity is +0.05%. Series 4 Verni- 
stats are 10-turn units and provide 
continuous rotation, since they have 
no stops. 


Four Series 4 Vernistat models are 
available which cover the above rat- 
ings. They are useful as data trans- 
mitters, computer elements, driving 
elements for resolvers, servo follow-up 
components...for mathematical oper- 
ations, voltage step-up, and phase re- 
versal. Write for complete data on these 
high-precision components today! 


vernistat aivision 


PERKIN-ELMER CORPORATION 


768 Main Avenue, Norwalk, Connecticut 
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the relay or 
the need? 


Engineers at Elgin Advance are con- 
stantly working to keep Elgin Advance 
Relays up to the state-of-the-art. They 
Strive to make each relay you buy today 
the relay you need today. When you 
specify relays, specify Elgin Advance — 
you'll get the relay that matches your 
needs. 


FOR EXAMPLE: The low cost GH Series, 
General Purpose Relay 


GHA — 5 amp resistive contact rating 
GHB — 10 amp resistive contact rating 
GHE — 5 amp plate-circuit type 


Contact arrangements are SPDT, DPDT 
and 3PDT 


GHA and GHB AC pull-in power is from 2 
to 3VA; DC from 1 to 2 watts 


GHE pull-in power is from 130 to 350 MW 
depending on contact arrangement 


Available enclosed in a dustite trans- 
parent cover or unenclosed 


Enclosed relays available with 8-pin 
octal plug (SPDT, DPDT) and 11-pin 
plug (3PDT) 


Open relays available with solder lugs or 
printed circuit tabs 


Available in a wide variety of AC and DC 
coil voltages and resistances 


ELGIN advance RELAYS 


THE ELECTRONICS DIVISION OF 
ELGIN NATIONAL WATCH COMPANY 
2435 N. NAOMI ST., BURBANK, CALIF. 
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PRODUCTION AIDS 


If you want more information on the production aids discussed 
below write the appropriate number on the reader service card. 





UP TO 10,000 LEADS PER HOUR 860 
are produced by an automatic welding machine that butt-welds a predetermined 
length of lead wire to a slug of larger wire, providing a 2-piece lead of high 
reliability. The 2 wires feed from spools, are automatically straightened, cut to 
proper lengths, and then welded. Kahle Engineering Co., Union City, N. J. 


SEMICONDUCTOR TEST CHAMBER 853 


accommodating 18,000 devices simultaneously, is said to assure unprecedented, 
proven reliability of mass produced quantities of semiconductors. The thermal- 
electrical system subjects the devices to high or low temperature conditions in 
conjunction with electrical load for periods equivalent to years of operational 
stress. Slots are provided for ninety 10” x 18” etched circuit cards on each of 
which up to 200 specimens can be mounted and electrically connected. Wyle 


Mfg. Corp., El Segundo, Calif. 


INSPECT SMALL PARTS 854 
with Syl-A-Scope, an optical instrument which provides rapid, precise examina- 
tions of points and tips of very small components and tools (under 1/32 inch 
in dia). To use this device a technician places the part in an aperture on the 
Syl-A-Scope plate. The magnified image is reflected upon a big illuminated 
screen. The operator can then make a rapid examination of the part’s condition. 
Robins Industries, Flushing, N. Y. 


FLO-MOTION SHAFT ROTATION DETECTORS 855 
monitor any points in a conveying, handling or processing system such as totally 
enclosed, underground, remote automatic or semi-automatic equipment. Wired 
into an interlock system, the detectors provide automatic shut-off if a stoppage 
or excessive variation in shaft speed occurs. Variations as small as 1 rpm can be 
detected; instrument works in any position; input shaft turns in either direction; 
fail-safe feature gives warning signal if any component fails or power is inter- 
rupted; completely self-contained. Flo-Tronics, Inc., Minneapolis, Minn. 


VACUUM IMPREGNATION SYSTEM 861 
enhances penetration of epoxy and phenolic resins into electrical generators. 
Better dielectric properties and greater dependability of stator assemblies result. 
Chief feature is a quick-opening, quick-closing cover which meets A.S.M.E. 
code. Chamber withstands 100 psig steam pressure. A special trap in evacuation 
line traps impregnant preventing pollution of the oil in vacuum pump operation. 
F. J. Stokes Corp., Philadelphia, Pa. 


REMOTE SPRAY COATER 868 
with portable magazines, accurately coats axial lead components at rates of 3,000 
to 10,000 per hr. A traveling disposable masking strip confines the coating to 
selected areas and keeps the leads clean. Operating on 110 v, 60 cycles cur- 
rent, unit requires 20 cfm air at 80 psi. Conforming Matrix Corp., Toledo, Ohio. 


PIGTAIL GRABBER 851 
simultaneously seizes both pigtails of diodes, transistors, capacitors and resistors, 
making secure low-resistance electric-test connections with no bending or break 
ing of leads. Used for testing of small parts, the semi-automatic fixture consists 
of spring-loaded jaws, 114” apart which open by pressing a handle or a treadle; 
the test part drops into fixture; jaws close firmly on wire leads when operating 
handle releases. Jaws work separately to compensate automatically for difference 
in wire size or position. Precision Metal Products Co., Stoneham, Mass. 
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TO THE ENGINEER 


looking for an airtight case 
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Need relays or stepping switches that will 
stay fresh as daisies—even in environments 
of high humidity, gritty dust, or extremes of 
temperature or pressure? You can get them, 
securely housed in ideal atmospheres of their 
own. 


AE makes an airtight case out of every job by 
completely evacuating the prewired assembly, 
replacing the air with a dry, inert gas to a 
pressure of at least one atmosphere, and tightly 
sealing the housing. Then we test it, and if there’s 
a single, tiny leak — enough to pass | cc of air in 
30 years—we reject the assembly! Here’s real 
protection from adverse environmental conditions 


(from tampering, too). 


Ask for AE's Catalog 4083 on Hermetically 
Sealed Enclosures. It shows the wide variety 
of housing sizes and shapes available—with 
hook terminals, socket or cable plug-ins, or 
special printed-circuit connectors. Into these 
housings AE will put relays and switches 
assembled and wired to your specifications— 
or we will design and deliver complete con- 
trol packages or systems. Chances are we 
can do the job at less cost, too. 


If you have a sticky control problem, just 
write the Director, Control Equipment Sales, 
Automatic Electric, Northlake, Illinois. In 
Canada: Automatic Electric Sales (Canada) 
Ltd., 185 Bartley Drive, Toronto 16, Ontario. 


AUTOMATIC ELECTRIC ‘x) 


Subsidiary of 


GENERAL TELEPHONE & ELECTRONICS 
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Forward Biased Diodes 
As Voltage References 


M. Glasberg, Contributing Editor 





Semiconductor diodes i: the last few 
years have become extremely popular 
for a multitude of applications. One of 
their more interesting characteristics is 
voltage regulation using the back biased 
zener breakdown effect. However, they 
can also be used as voltage references 
in the forward direction. Fig 1 shows 
the forward conduction of a semicon- 
ductor diode with its equivalent circuit. 
This equivalent circuit is basically the 
circuit of a voltage reference. 

Zener diodes can be made to break- 
down at a variety of voltage levels rang- 
ing from about 3.3 volts upward. For- 
ward biased diodes, on the other hand, 
have a fixed regulation value depending 
upon the semiconductor material: about 
0.3'volts for germanium and about 0.7 
volts for silicon. Another interesting 
comparison is that forward biased 
diodes have a negative temperature co- 
efficient and back biased zener diodes 
have a positive temperature coefficient. 


STABISTORS 


Transitron Electronic Corp., Wakefield, 
Mass. has developed a line of diodes, 
called Stabistors, specifically designed 
for voltage reference. Tranistron has 
published an interesting set of applica- 
tion notes on many of their uses. Fig 1 
is based upon characteristics of two 
Stabistors. 


PREREGULATION 


One area, which has not received any 
attention and in which the forward 
biased diode is uniquely useful, is pre- 
regulation in power supplies. Fig 2 
shows a simplified version of the sche- 
matic of the TP3-100 Solid State Power 
Supply made by the Diehl Mfg. Co., 
Somerville, N. J. This supply is rated 
for -26 to -30 volts at 1.5 amps within 
0.2 percent. The preregulator is shown 
dotted. This circuit is extremely im- 
portant for a number of reasons: 
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Fig 1 Forward biased diode characteristics. 


it reduces the error due to the 
rough dc voltage changes. 

it reduces the ripple introduced 
into the regulator. 

it reduces the no load current re- 
quired by the first transistor and, 
therefore, its maximum dissipa- 
tion. 


d. it increases and re- 
covery time. 

The reason why the forward biased 
diode is so useful as a preregulator is 
its control at low voltage. The smallest 
low cost zener is 6.8 volts (units as 
low as 3.3 volts are available, but at 
about twice the price) which means 


response 





a4 PREREGULATOR 
ROUGH / 
D.C 
( ABOUT) 
VOLTAGE 28.7 V 
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Fig 2 Simplified schematic of power supply. 
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FOR POSITIVE PRESSURE 
os sashes asta’ taco AND RFI" SEALING... 


pacitor cannot decrease below 28 + 6.8 

34.8 volts without the preregulator , ian — 
losing control. This characteristic is a 
very important consideration because 
the transformer must be designed to 
have high enough voltage so that, for 
minimum line voltage and maximum 
current, the rough de will always be 
greater than 34.8 volts. With this safe- 
guard, however, the dissipation across 
the series regulating transistor for maxi- 
mum line voltage can be very high. 
As in any transistor circuit, increased 
power dissipation is a serious problem 
because it cannot be sustained without 
added expense, size and degraded per- 
formance. For example, to keep 34.8 
: volts at 105 volts rms of line voltage 
you might get as much as 45 volts at 
1.5 amps for a line voltage of 125 volts. 














: The maximum dissipation could, there- 

l, fore, reach (45-28) 1.5 = 25.5 watts. 

With a forward biased silicon diode 

4 as a preregulator, the rough de could 
be allowed to decrease to 28+0.7 

fe 28.7. This would reduce the maximum 





dissipation at 125 line volts and 1.5 
amps to about 16.5 watts. 
You may wonder why the preregu- 
lator cannot be tied directly to ground ~ Radio Frequency Interference 


instead of to the 28 volt output and 
adjusted to say 29 volts with a 29 volt 
zener. Three important zener charac- 


teristics reveal the answer: 
® dissipation: a zener to regulate T EC K og 4 T 
well must start with a fair amount of | 
id re- current which could mean considerable R 
dissipation at 29 volts. The forward | D i re | GA . af a T S° 
biased biased diode, at 0.7 volts, can conduct a 


ator is great deal of current without any dis- | 

nallest sipation problems. This large current, | If you are looking for a simple and economical method to obtain 
its as of course, increases its regulating ac- | both a positive pressure and RF seal in a single component, 
but at curacy. then Tecknit RFI* Duogaskets and Duostrips are your answer! 


means * limits: zener diodes can be chosen They combine resilient TECKNIT RFI Gaskets with rub- 
j ‘ -5 rece -+ rece . 9 *y° “4: 

with oa yee beget gro ’ — | ber, Neoprene, closed-cell Neoprene, silicone, sponge silicone, 

ee ee ne Buna-N, Hycar, GRS and other materials to meet your specific 


ATOR voltage. Variation of +5 percent at 29 55 a . ° 
volts is +1.45 volts. This is completely shielding and sealing requirements. 


unsatisfactory, especially since the out- | Duogaskets are designed rain-tight, dunk-proof, cooling air 
put can be as high as 30 volts. Forward | tight, to maintain pressure at high altitudes or contain fluids up 
biased diodes can be tied to the output | to 100 psi. They are available in sizes from 1% inch O.D. to 10 
‘I ne! a tig pg ap will feet x 7 feet and larger. Tecknit Design Service engineers are 
5 ak ee _— ar ‘il “I ee available to assist you with specific problems. Call upon them 
| age and will always operate. f ° . h bligation! Use th 
Stabistors, in fact, can be obtained with wn! assistance without ¢ a ee ae ae Comoe 

+10 percent variation in their regu- below to receive complete information. 

lating voltage. >) 

® cost: the cost of zener diodes goes 

up considerably with low variation in 

breakdown voltage. One of the greatest 

advantages of the forward biased diode 


UTPUT 


Technical Wire Products, Inc. 
ECKNIT: 48 Brown Avenue, Springfield, New Jersey 


Please send me complete information on 
Tecknit RFI Duogaskets and Duostrips. 











regulator is its price, anywhere from Technical Wire 

1/2 to 1/10 the price of a zener diode. Name Dept. 
«i For more information on Stabistors: ‘ Products, Inc. "J Cilia 
+ Write No. 164 in Box on Inquiry Card 8 Brown Avenue, Springfield, N. J. pany 


For more information on Preregulated Phone: | Address 
Power Supplies: Write No. 171 in Box Area Code 201-DRexel 6-3010 
on Inquiry Card TWX: MLBN, 40 | City Zone 
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SOLENOID INDICATOR SOLUTION # ISD 600 


BAIL OUT!!! 
. another broken buyer/supplier 

chain of dependability — now the 

problem was turned over to imc. 


Solenoid indicating devices pro- | 


vided by supplier to reliably relay 
bail out, altitude, speed, heading or 
other instructional information . . . 
had failed while undergoing cus- 
tomers environmental tests. Lead 
time was gone... 


SOLUTION 


TO A SOLENOID 
INDICATOR 
PROBLEM 


WESTERN DIVISION jumped in 
and provided a timely solution. The 
entire assembly consists of a two 
coil solenoid and a permanent 
magnet rotor mounted on jeweled 
bearings. The rotor, capable of 
pivoting 60° in either 


failure in actual test | 


| 
| 








of two | 


directions, provides a two-position | 


read-out. The unit meets MIL-T- 
5422E, including severe shock and 
vibration. Ruggedized in construc- 
tion and measuring 11/16” x 2” x 
134”, the ISD 600 was DE- 
SIGNED, DELIVERED, TESTED 
AND ACCEPTED WITHIN 
AMPLE TIME LIMITATIONS. 


No need to compromise your 
indicator requirements—when your 


need is for electrically actuated | 
indicating, timing or sequencing | 


devices. 


May we supply a solution to your 
indicator problems? 


oa 
EEWUC macnetics corp. 
WESTERN DIVISION 
Also known as glP engineering co. 
6058 Walker Avenue @ Maywood, California 
LUdlow 3-4785 ¢ TWX LA 1664-U 


BAIL OUT 









OTHER PRODUCTS : SOLENOIDS / SOLENOID 
SWITCH ASSEMBLIES/ROTARY SOLENOID aS 
SEMBLIES /FLAG INDICATORS /SYNCHROS & 
RESOLVERS /STEP-SERVO MOTORS /SYNCHROS, 
DC/FUNCTION GENERATORS /ELECTRO-MECHAN 
ICAL ASSEMBLIES 
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by David Bandel Staff Columnist 
Associate Technical Director, 


TRACERLAB, INC. 











MATERIALS 








Fuel cell development appears to be moving in the direction of specialization. 
Perhaps this in an indication of growing maturity. The more exotic types have 
less of an economic hurdle to mount than the fuel systems being developed for 
more conventional applications. In military and specialized civilian applications 
performance and package size can override simple economic considerations. One 
of the exotic fuel cells being developed is based on a sodium amalgam-oxygen 
fuel system. Sodium amalgam is an alloy of sodium and mercury. M. W. Kellogg 
is developing a prototype of this type of cell rated at 75 kw. Initial studies were 
conducted by Dr. Ernest Yeager of Western Reserve University. The chief ad- 
vantages of this cell over the hydrogen oxygen, or hydrox, cell are a higher 
open-circuit voltage, (2v vs lv) a higher capacity to volume ratio and a weight 
approximately 15 times less than a silver-cadmium battery. The sodium-oxygen 


cell operates at atmospheric pressure and 140°F. Energy output is between 2 
and 3 Ibs per kwh. 












An experimental natural gas fuel battery has been built by the Institute of Gas 
Technology. Chemistry of the cell is rather complex but low cost and availability 
of the fuel makes this system attractive as a packaged power source for locations 
where natural gas is available and other sources of electrical energy are not 
handy. The electrolyte is a mixture of molten sodium and lithium carbonates held 
at 600-800°C in a porous nickel diffusion anode. Lifetime of the present cells 
is short, since molten carbonates are quite corrosive and decompose at the operat- 
ing temperature unless an atmosphere of carbon dioxide is maintained. It is 
estimated that in many parts of the country energy as natural gas costs one sixth 
as much as electrical energy. In these regions, home type uni‘s of 10 kw capacity 
would be economically feasible and a 10 kw power pack would be about the 
size of a gas furnace. 
































One obvious use of thermoelectric generators is as a device for squeezing more 
energy out of thermal engines or other devices that produce “waste” heat. Steam 
turbines, combustion engines and steam plants all generate “waste” heat that 
must be rejected. General Electric engineers have combined a thermoelectric 
converter with a thermionic converter to salvage the “waste” heat. The result is 
approximately twice the power output and efficiency from such a system with no 
additional heat input to the thermionic converter. With further development 
the cascaded devices can be used for power supplies in ships and navigational 
aids where a heat sink of 100°F or lower is handy. 





















































Two new lasers, or optical masers, have been devised by Dr. P. P. Sorokin and 
Dr. M. J. Stevenson at IBM. These lasers are based on calcium fluoride crystals 
doped with small amounts of uranium (III) or samarium (II). Light emitted by 
these crystals is excited by a xenon discharge lamp and is a highly coherent beam 
in the visible and infrared part of the spectrum. The beam is highly directional 
with a spread of less than 0.01 radian, which is a pretty tight beam by present 
microwave standards. Some comparisons with the ruby laser are interesting. The 
calcium fluoride laser operates on less than 1/500 the power required by the ruby. 
The light produced by the ruby laser is emitted in short pulses at widely spaced 
intervals while the light emitted from the calcium fluoride laser is continuous. 
The radiation emitted by the calcium fluoride laser is concentrated in a single 
frequency. The uranium (III) doped crystal emits radiation at 2.5 microns, well 
into the infrared portion of the spectrum, the samarium doped crystal 0.708 
microns. 








































The lowly light bulb is about to become a molecule splitter by way of increasing 
light efficienmy. A new type of light bulb uses the dissociation of molecular hy- 
drogen to increase the light output. Theoretical efficiency is 60-70 lumens per 
watt, about 5 times that of the present incandescent lamp. In this lamp, hydro- 
gen molecules are dissociated on a hot tungsten filament into atomic hydrogen. 
The atomic hydrogen is recombined on a phosphor-coated surface, where a large 
proportion of the recombination energy is released as light. 
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ELECTRONIC MATERIALS 


Dr. R. C. Vickery and H. M. Muir, 
co-discoverers of the recently an- 
nounced thermoelectric material gado- 
linium selenide, have formed a new 
company to prepare, and conduct re- 
search and development studies in ad- 
vanced materials for space-age tech- 
nology. The thermoelectric properties 
of gadolinium selenide were announced 
at the American Rocket Society Space 
Power Symposium in Santa Monica in 
September 1960, and were reported in 
our Nov., 1960 Materials Section by 
Staff Columnist Dr. David Bandel. 
Thermoelectric materials will, how- 
ever, be only part of the interests of 
this new Corporation which will enter 
electronic, magnetic, energy conversion, 
high-temperature and rare _ element 
materials fields. 

Located in Santa Monica at 2200 
Colorado Avenue, Electronic Materials 
Corporation is fully equipped for and 
will conduct research on materials of 
high interest to governmental and 
industrial agencies. Their facilities in- 
clude an extensive and_ well-instru- 
mented laboratory allowing investiga- 
tion and analysis into every aspect of 
the solid state. 

Dr. Vickery, President and Director 
of Research of this new Corporation, 
has an international reputation in the 
general areas of materials and _ their 
application, and specifically in the rarer 
element field in which he has worked 
in England as consultant, and in Aus- 
tralia with the Australian Government. 
On coming to America in 1955 Dr. 








| 
Dr. R. C. Vikery, ELECTROMECHANICAL | 
pEsicn Staff Columnist, who is now Presi- | 
dent of Electronic Materials Corporation. | 


Vickery was, for three years, Head of | 
the Chemistry Department of Horizons | 


in your designs 


Incorporated, Cleveland, and then most | 
recently was with Nuclear Corporation | 


of America, where he directed research 
and development activities in thermo- 
electric, electronic, and magnetic mate- 
rials studies. He holds doctorate de- 
grees from the Universities of Oxford 
and London, has published over one 
hundred papers, four technical books, 
and holds twenty-five patents. Consul- 
tant to government and industry, Dr. 
Vickery has lectured and written wide- 
ly on advanced materials and applica- 
tion concepts, and functions as a Staff 
Columnist for Electromechanical De- 
sign. 
Write No. 174 in Box on Inquiry Card 





Epoxides 


Unox 201, 206 and 207 are said to be 
the only commercial epoxides with 
cycloaliphatic structures which give the 
materials a resistance to discoloration 
from ultra-violet light, heat and air 
oxidation. Unox 201 has a low vis- 
cosity at room temperature without the 
use of special solvents or reactive di- 
luents that would normally enter into 
the reaction and degrade the properties 
of the cured plastic. Because of this 
low viscosity, voids in castings are 
filled, bubble formation is reduced and 
better penetration of both glass fiber 
laminates and prefilled molds are per- 
mitted. Among the many applications 
where Unox epoxide 201 can be used 
include: electrical and electronic com- 
ponents, encapsulation, tooling coat- 
ings, laminates, and adhesives. 
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Unox 206, a diepoxide, serves as a 
reactive diluent for epoxy resins de- 
rived from either Unox epoxides or | 
the bisphenol-A-epichlorhydrin types, | 
reducing the viscosity of epoxy resins | 
without degrading their important| 
properties. Unox epoxide 207 forms) 
epoxy plastics that are said to have} 
excellent high-temperature physical and 
electrical properties. The low combin- 
ing weight provides added savings 
when used to cross-link or modify low 
cost resins and polymers. Unox 207 
can be converted readily to a “B” stage 
resin in either a solvent or dry powder 
form, having a shelf life of more than 
six months. These stable “B” stage 
resins are ideally suited for impreg- 
nating glass fibers and subsequent lay- 
up laminating. Union Carbide Chemi- 
cals Co., New York, N.Y. 

Write No. 623 in Box on Inquiry Card 





are REAL COOL 


Like wow! Heinze D2 Blowers, 
with durable plastic housings, are 
ideal for circulation of air, for cooling 
electronic components and equip- 
ment, and for cooling operations in 
vending machines, laboratories and 
similar applications. 

Powered by the exceptionally 
long-lived Type D 2-pole shaded pole 
induction motor, single blower unit 
delivers 10 cfm (free air), double 
unit 20 cfm, at 3100 rpm. Rated for 
115 V, AC, 60 cycles, blowers are 
also available for 50 cycle operation. 
CW or CWW rotation. 

Standard units are available from 
stock for immediate delivery. Send 
coupon for complete technical data. 


SEND COUPON FOR NEW CATALOG 


ELECTRIC COMPANY 
685 Lawrence St. 
Lowell, Mass. 
Sub-Fractional Horsepower Motors and Blowers 


Heinze Electric Company, Dep’t ED 
685 Lawrence St., Lowell, Mass. 


Please send literature and prices on the entire line of 
Heinze Blowers. 

PIN. 20455 ciduscveadsaecebocweerensve 
ee ae od Ckoanins sown 
Street & No 
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unusual magnets for 
unusual applications 














Shape is not the only unusual thing about these ceramic magnets! 








Most important is bow and where they can be used. For Cera- 





magnet® is a basic, new design material — not a substitute for 








conventional metallic magnets. It allows magnetism to be cre- 








atively applied in new and better ways — usually at low cost — 








to literally hundreds of products from small motors, generators, 





coupling drives, holding devices, and filters, to lightning arres- 











tors, sonar equipment, switches, and many others. 








Ceramagnet permanent magnets are electrically non-conductive 





and chemically inert. They may be used without keepers and 





pole pieces, with many poles on one face, and under other con- 





ditions which would quickly demagnetize conventional magnets. 








Where can Ceramagnet fit into your application? For ideas 
and technical data, send for Stackpole Bulletin RC-12A. 
STACKPOLE CARBON COMPANY, St. Marys, Pa. 













































_ CQ MAGNET” 


CERAMAG® FERROMAGNETIC CORES + SLIDE & SNAP SWITCHES + VARIABLE COMPOSITION 
RESISTORS © FIXED COMPOSITION CAPACITORS «+ BRUSHES FOR ALL ROTATING ELECTRICAL 
EQUIPMENT ° ELECTRICAL CONTACTS . GRAPHITE BEARINGS & SEAL RINGS ° 
COLDITE 704+-® FIXED COMPOSITION RESISTORS ° AND HUNDREDS OF RELATED PRODUCTS 
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MATERIALS 


Gasket Material 


Recommended for its stability to cor- 
rosive gases and liquids under both 
high and low temperature conditions, 
an improved fiber-reinforced, _ nitrile 
rubber gasket material called Vistex III 
is said to have 100 percent compression 
recovery; exceptional tensile strength: 
resistance to oil and aromatic fuels and 
good flexibility. Especially well suited 
'for gaskets where light weight is a 
factor, one square yard of 1/32 inch 
Vistex weighs only 30 ounces. It can 
be precision cut or punched into gas- 
| kets, strips or washers. American Felt 
| Company, Glenville, Conn. 

Write No. 558 in Box on Inquiry Card 





Reinforced Teflon 

Wire insulation made from a new type 
of fluorocarbon resin, Teflon, offers 
improved resistance to abrasion, plastic 
flow, cut-through and heat. The in- 
sulation, called Type AR, consists of 
mineral-fiber particles added to Teflon. 
The particles average about one micron 
in diameter and 500 to 1000 microns 
in length. Orientation of more than 90% 
of the fibers parallel to the wire sur- 
face (random orientation would aver- 
age about 50%) supports concentrated 
loads and resists penetration of sharp 
‘edges. This eliminates the need for 
glass fiber wrapping or braid for sur- 
face protection, resulting in a reduc- 
tion of space and weight and provid- 
ing an all Teflon insulation with uni- 
form dielectric properties. W. L. Gore 
& Associates, Inc., Newark, Del. 

Write No. 613 in Box on Inquiry Card 


Conductive Gaskets 


Designed for high temperature uses, 
recently developed conductive basket- 
ing made from silicone rubber and 
metal material conforms easily to ir- 
regular surfaces and is impervious to 
fluids. The two types available with- 
stand temperatures from 65 to 500F. 
These conductive gaskets are recom- 
mended for use where a current flow 
between two metal surfaces is needed, 


!and where induced radio frequencies 


need to be restricted or filtered. They 
are suited for wave guide gasketing, for 
shielding between magnetos and their 
bases, in ignition harnesses, in quick 
disconnect plugs, and in telecomputing 
equipment. The Connecticut Hard 
Rubber Co., New Haven, Conn. 





Write No. 604 in Box on Inquiry Card 


ELECTROMECHANICAL DESIGN 
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SIX PUSHBUTTON SWITCHES 







is 
CHECKED 7 Yar 


ENGR. Ae FZ 






CONTROL SWITCH DIVISION 








SUB- SUBMINIATURE 


B7000 is only '%,” diameter, 1%,” total length. 
Available with a bushing or flange mounting. 
Flange can be engraved. Anodized aluminum 
case, plastic plunger cap and solder lugs. Rated 
1 amp at 28 VDC. The perfect pushbutton for 
subminiaturized instruments and control panels. 


MOISTURE-PROOF, 6 CIRCUIT TYPES 


W100 is available at S.P.S.T. (N.O. or N.C.), 
S.P.D.T., 2-circuit, and 3-terminal (N.O. or N.C.). 
Designed to MIL-S-6743, MS-25089. Completely 
moisture-proof and enclosed in anodized alumi- 
num case with silicon rubber boot. Available 
with any of 8 mounting adapters (Adapter P 
shown) to meet any mounting or panel require- 
ment. Rated 10 amps at 28 VDC resistive. 


LOW COST, U.L. LISTED 


B2000 series switches are considerably smaller 
than standard 44 amp momentary pushbuttons, 
yet cost much less and actually are U.L. rated 
at 8 amps, 120 VAC. Select S.P.S.T. circuit either 
N.O. or N.C., with solder lugs or pigtail leads. 
Mounts in 4” dia. hole. 


WITH OR WITHOUT LIGHT 


WC1500 is a very small moisture-proof switch 
(designed to MIL-S-6743) with a minimum life of 
25,000 operations at rated load. Available with 
or without indicator light in pushbutton, and 
rated at 2 amp ind. or 4 amp res., 28 VDC. 
D.P.D.T. or 4-circuit. Mounts in %” diameter 
panel hole. 


MOISTURE-PROOF, ALTERNATE ACTION 


J3136 is a new moisture-proof switch originally 
designed for military ground support and aircraft 
equipment. Two-circuits, rated at 5 amp ind. or 
10 amps res. at 28 VDC: 5 amp (.75 P.F.) ind. or 
10 amp res. at 120 VAC. Life is 25,000 opera- 
tions min. at rated load. Anodized aluminum 
case with solder lug terminals, and 8 styles of 
mounting adapters available. Mounts in %” dia, 
hole. 


20 AMPS., PUSH-PUSH 


J100 is a S.P.S.T. switch rated 20 amps res. at 
28 VDC; 10 amps res. at 115 VAC. Ruggedly 
built to give compactness and durability under 
crictical operating conditions. Weighs only 1 oz. 
Total plunger travel is only 4”. Overall size: 1” 
diameter, 2'%,” long. 


CONTROLS COMPANY 


Manufacturers of a full line of switches, controls and indicators 
for all military and commercial applications. All standard units 
stocked for immediate delivery by leading parts Distributors, 
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wC1500 





The switches shown above are merely samples from 
the full line of CONTROL SWITCH pushbuttons. 
Perhaps one of these is a solution to a switching 
problem you face. If not, write for your free copy of 
CATALOG 100 for details on the wide range of 
switches available, including basic switches, toggles, 
lighted pushbuttons, indicator lights and many 
other types. 


OF AMERICA 


CONTROL SWITCH DIVISION 


1416 Delmar Drive ¢ Foicroft, Pennsylvania « Telephone LUdiow 3-2100 « TWX SHRN-H-502 
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Instrur 


Backed by 

over 10 years 
experience 

in building 
Precision 
POTENTIONETERS 
and 
DIGITOMETERS 
we are now 
offering to you 
the NEW 


ELECTRO-MEC 
Rotary 
Switch 


You will find 

the same 

high standards 
of workmanship 
resulting in 
heretofore 
unobtainable 
ACCURACY. 


This switch is 
presently used in 
aircraft and missiles. 


Available in single or multi- 
gang assemblies and/or in 
combination with potentiom- 
eters of all sizes. 


Certified calibration data sup- 
plied with each instrument. 


For Engineering Data Sheet 
giving further details, please 
write 

or telephone ST 6-3402 


Teletype: NY4-2126 






ELECTRO-ME 


on of WALTHAM Pr 
51 33 Street 
g Island City 1, N.Y. 





uioata 


DSaW-ONLDA IS « 
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Hole patterns in Fotoceram, which is derived from photosensitive 


/'CAPACITOR RELIABILITY 


Capacity is measured 10 times more ac- 
curately than before with new capacitor 
test and storage circuit boards devel- 
oped by Corning Electronic Compo- 
nents, Bradford, Pa. The boards are 
used in the reliability research and 
development program for the Minute- 
man missile guidance and control sys- 
tems. The program is conducted by 
Autonetics, a division of North Ameri- 
can Aviation, Inc. 

Difference between the old and new 
boards lies in a sophisticated wiring 
design and use of a new material. A 
fiberglass-epoxy board with a two-ter- 
minal wiring design was used originally. 
Meaningful measurements were pre- 
vented by stray capacitance and vari- 
able insulation resistance that often 
masked capacitor IR. 

Corning engineers worked out a 
'three-terminal shielded circuit design 
‘and utilized the company’s Fotoceram 





glass, are obtained by chemical machining. 
be subjected to soldering more than 50 times without damage. 


Metallized areas can 


Accurate Repetitive Measurements From Improved Test Circuit Boards 


glass-ceramic. Besides the 10-to-1 im- 
provement in capacity measuring ac- 
curacy, the combination allowed mean- 
ingful measurements down nearly to 
the level of capacitor IR and 0.05 per 
cent of dissipation factor. 

An unmetallized Fotoceram upper 
board in each circuit board assembly 
carries 200 Corning fusion-sealed capa- 
citors. Leads extend through it to a 
Fotoceram lower board, which carries 
the circuit pattern. The assembly al- 
lows rapid and repetitive measure- 
ments, convenient identification of ca- 
pacitors — which are inventoried indi- 
vidually throughout their life — and 
efficient handling and shipping. After 
testing, Autonetics removes the lower 
boards and returns them to Corning for 
re-use. The capacitors are stored on 
the top boards until installed in the 
missile systems. Corning Electronic 
Components, Bradford, Pa. 


Write No. 179 in Box on Inquiry Card 


ELECTROMECHANICAL DESIGN 
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ROTEL Ll 


A. W. Haydon’s portable diode tester (top) 
in use, and (bottom) with the cover exposed. 


DIODE TESTER 


Portable Unit Checks Polarity In Specified Circuit Positions 


Designed to test diode matrix boards 
used in conjunction with 16-switch or 
28-switch electronic timers, a com- 
pletely portable tester consists of regu- 
lated power supplies, comparison 
bridge, detector, and necessary switch- 
ing mounted behind a front control 
panel. Operating controls, indicators, 
and diode matrix board receptable are 
mounted on the front. 

The manual tester checks the pres- 
ence and correct polarity of diodes in 
specified circuit positions on the diode 
matrix boards. In addition, it tests the 
diode forward current at 1 volt and 
reverse leakage current at 25 volts. 
Those diodes meeting forward and re- 
verse resistance specs and correct po- 
larity in the proper place on the matrix 


FEBRUARY 1961 


board are so indicated by a green sig- 
nal light on the front panel, while those 
not meeting the specs light a red signal 
on the panel. 

Matrix board receptacles are keyed 





so that it is impossible to insert boards | 


into the wrong receptacles, while visual 
comparison of notches in the boards 
to those in the tester further simplify 
location. 

Engineers at A. W. Haydon Co., 
Culver City, Calif., designers of the 
unit, stated that the tester has also been 
successfully used as a megger through 
simple adjustment of a function selec- 
tion switch. Calibration of the unit 


may be done by a technician without | 


engineering supervision. 
Write No. 178 in Box on Inquiry Card 


A 32-page digest of the 
industry’s most compléte 
lines of single-turn and 
multi-turn precision pots! 


With new sections on A-C 
... Non-linear . . . Liquid- 
filled...and Helitrim® trim- 
ming potentiometers. As 
well as turns-counting dials 
and delay lines! 


Complete technical data, 
including environmental 
specs and outline drawings, 
is at your fingertips. And 
it’s all arranged in a fast- 
reading format that makes 
pot picking easier. 


Just ask for it. 


Beckman / Helipot’ 


POTS : MOTORS : METERS 


Helipot Division of 
Beckman Instruments, Inc. 
Fullerton, California 








© 1961 8.1.1. 61102 
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Most Adaptable and Effective 
For COMPUTERS, DATA PROCESSING, 
AUTOMATION, INSTRUMENTATION 


and MINIATURIZATION 


DATALITES 


FOR USE AS SINGLE INDICATOR LIGHTS, OR GROUPED AS A 
DATA STRIP* ox DATA MATRIX” 


DATALITES by DIALCO are ultra-miniature Indicator Lights, made 
in 2 basic styles: Lampholders with DIALCO’s own replaceable 
Lamp Cartridges; or integrated DATALITES with Built-in Neon 
Lamps* ...Mount in ¥” clearance hole... LAMPS USED: 

T-134 Incandescent; also Neon NE-2E or NE-2H. 








ibe? Lamp Cartridges | ———. Lamp- 


Write for Brochure L-160B. 
Foremost Mar 


DIALI GH T 


ORPORATION 
40 STEWART AVENUE, alas 37, N.Y. © HYacinth 7-7600 
CIRCLE NO. 26 ON INQUIRY CARD 


Approx. 1/2 
7 actual size 


DATA STRIP wo. osv-7538-10 


Vertical . .. complete with ten 
No. 39-28-1475 Lamp Cartridges. 
Other configurations to order 


Shown actual size, left to right 
Lamp Cartridges—Nos. 39-6-1471, 
38- 1531, 38-931... Lampholder No 
- Datalite No. 249-7841-93] 
with built-in Neon Lamp and resistor. * 


of, 


PILOT LIGHTS 
“The Eyes of 
Your Equipment” 











smaller than ever 
TYPE LK rectangular 


High Voltage 


CAPACITORS 


Other advantages include: 
If you require a smaller capacitor © superior resistance 
with much longer life, find out about @ better power factor 
our Type LK. Designed for 4 times ° eo wie ones 
x may be opera ° 
the life of MIL-C-25A with © voltage ratings from 
case sizes as much as 80% smaller. 600 to 50,000 volts 
For full details, write for Bulletin LK. 


FREE! Have you received our pocket size ‘“Comparator’’ 
* and “Conversion chart?’’ Write today! 


Plastic Capacitor, .. 


2620 N. Clybourn Chicago 14, Illinois ‘0! 8-3735 
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Flutter and Wow Measurements 


A sensitive meter indicates visually the 
wow and flutter content of all tape 
recorders and playback equipment. 
Preamplifier and input attentuator ac- 
cepts voltages ranging from 1 mv to 
100 v. High frequency components, 5 
to 250 cycles (flutter), are measured 
through a high-pass filter; low frequen- 
cy components, 0.5 to 6 cycles (wow) 
through a low-pass filter. A 3,000 cycle 
oscillator incorporated for recording 
purposes eliminates the necessity of 
calibrating and using external oscilla- 
tors. Measurements accurate down to 
0.01%. Amplifier Corp. of America, 
New York, N. Y. 
Write No. 767 in Box on Inquiry Card 


Electroexplosive Tester 


No expensive field, aircraft or ship- 
board tests are required with a new 
system tester for checking resonant 
characteristics, and thus sensitivity of 
electroexplosive systems (squibs, ig- 
niters, entire missiles, explosive bolts, 
blasting caps, stage separation devices) 
to unwanted initiation. With accessories, 
the parameters for determining RF haz- 
ards (e.g. capacitance, Q, and induc- 
tance) can be measured also. Weight 
2114 lbs. Redel, Inc., Anaheim, Calif. 
Write No. 730 in Box on Inquiry Card 


Time Rate Generator 


Solid state timing unit generates crystal 
referenced timing pulses of 100, 10, 1 
and 0.1 pps required by various test 
recording devices. Each rate is pulse 
width modulated; varying pulse widths 
allow visual detection of the different 
rates on the recorded output. Facilities 
provide for manual or automatic reset. 
Binary Electronics Co., Fullerton, Calif. 
Write No. 734 in Box on Inquiry Card 


Pulse Generator 


A pulse generator compactly combined 
with a synchroscope generates and ac- 
curately measures rectangular voltage 
pulses. The pulses may be varied in 
width, duration, amplitude, repetition 
rate and polarity. Since the pulse and 
sweep generators receive the same trig- 
gering signal, synchronization of pulse 
and sweep is automatic for internally 
generated pulses. For externally gener- 
ated pulses, controls adjust proper trig- 
ger rate for synchronization. Schaevitz 
Engineering, Pennsauken, N. J. 
Write No. 726 in Box on Inquiry Card 


ELECTROMECHANICAL DESIGN 
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WHERE SAFETY AND RELIABILITY ARE ESSENTIAL . . . 


HEIM Wclal™ 


SPHERICAL BEARING ROD ENDS 
(se YS Ne linings 


There are conditions of operation where lubricated bearings 
are undesirable or incapable of operation, in extreme tem- 
peratures, corrosive or humid conditions, or where there is 
a possibility of lubricant failure or leakage. 


Where safety and reliability are essential; where space or 
weight savings are essential; where stick-slip operation is 
undesirable . . . special problems such as these-are solved by 
Teflon-lined Unibal bearings. 


Aircraft and missile manufac- 
turers find that these fiber-lined 
Unibal bearings, especially for rod 
ends in rotor assemblies of heli- 
copters, as well as in most other 
linkages, are outstanding in their 
performance and durability. They 
require no lubrication, and after 
hundreds of hours of service are 
still in perfect condition. 


TEFLON BRONZE 
LINING. INSERTS 





TEFLON BRONZE 










FOR MORE 
INFORMATION 


about Teflon-lined 
Unibal spherical bear- 
ings and the new 6- 
page bulletin including 
catalog listings of stock 
sizes available, write to: 
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LINING “gat INSERTS = tHe Unibal Spherical Bearing Rod End 
‘ corrects misalignment in all directions, 
has high load ratings, is light in weight, 
occupies minimum space, and is extremely 
simple to assemble as part of a linkage. 














/ 
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THE HEIM COMPANY 
E .°) Cc T U 


FAIR Fl “eo, Cc N N E ic T 





CIRCLE NO. 28 ON INQUIRY CARD 































ALL HEIM BEARINGS ARE SOLD THROUGH THE LEADING BEARINGS DISTRIBUTORS IN THE U.S.A. AND CANADA 
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CHOICE § 
YOURS! § 







































































RMB miniature and 
instrument ball bearings 
are available 

in ABEC-1, ABEC-5 
and ABEC-7 tolerances. 


ONLY ONE OF THESE IS 
BEST FOR YOUR APPLICATION 


For highly sensitive and high speed 
applications you'll choose the RMB 
ABEC-5 or -7 bearing. 


For applications of less exacting re- 
quirements, you'll want to take advan- 
tage of the reduced cost of the RMB 
ABEC-1 bearing. 
IT’S YOUR APPLICATION— 
YOU MAKE THE CHOICE 


Find out more about the RMB line... 
Ask for Catalog 4E-1. 


LANDIS & GYR, inc. 


45 West 45th St. 
New York 36, N. Y. 
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TESTING 


Lissajous Oscilloscopes 


Developed initially to facilitate precise 
and rapid production calibration of 
phase angle voltmeters, an oscilloscope 
is applicable to most laboratory and fac- 
tory testing or calibrating of phase 
measuring instruments and circuit com- 
ponents having phase shift characteris- 
tics. The scope is said to eliminate the 
need for critical, time consuming ad- 
justments that are required when using 
general purpose scopes, thus speeding 
test procedures and permitting accurate 
use of semi-skilled personnel. In addi- 
tion, the instrument’s small size permits 
modular inclusion, either singly or in 
multiple, in test racks and checkout 
systems. North Atlantic Industries, Inc., 
Plainview, N. Y. 


Write No. 760 in Box on Inquiry Card 


Temperature Test Chamber 


Test chamber, with test volume of 8 cu 
ft, operates from —100°F to +-750°F 
with accuracies of +5°F. Heating and 
cooling rates vary from 5 to 200°F/min 
depending upon test load. Modular de- 
sign enables unit to serve in numerous 
applications, including laboratory, pro- 
duction line, quality control, life test- 
ing and plastics curing. It handles 
about 1000 semiconductors at a time. 
Statham Instruments, Inc., Los Angeles, 
Calif. 
Write No. 768 in Box on Inquiry Card 


Automatic Check-Out System 


Compact, versatile testing system not 
only checks voltage and current, but 
tests modulated and unmodulated fre- 
quencies up to the 3000 mc range as 
well as pulses with very low rise time 
and duration. Complex wave form 
analysis is also possible from a mini- 
mum amplitude of 30  microvolts. 
Whenever it becomes necessary to 
check new characteristics, new intel- 
ligence units are merely “plugged” in 
quickly and easily in sufficient number 
for the program required. It is possible 
to check up to 9,999 different points 
with an accuracy of +0.5% or better, 
in a single system. Complex testing 
of production equipment or finished 
products, ranging from missiles to 
power plant controls, can be accomp- 
lished in minutes by unskilled personnel 
using this equipment. Audiotronics 
Co., Dayton, Ohio. 
Write No. 755 in Box on Inquiry Card 


Servo Parameter Testing 


Electro-hydraulic servo test unit auto- 
matically measures, displays and_re- 
cords important static and dynamic 
characteristics of electro-hydraulic servo 
components with parameters such as 
flow, pressure, pressure-differential, dis- 
placement, current, and frequency re- 
sponse, including amplitude ratio and 
phase lag. All measurements, both in- 
dividually and combinations, can be 
visually displayed on meters or record- 
ed on an X-Y coordinate plot. Designed 
originally for testing electro-hydraulic 
servovalves, it can also be used to test 
servo pumps, pump-motor transmis- 
sions, servovalve-actuator packages and 
other similar servo components. Ameri- 
can Measurement & Control, Inc., Wal- 
tham, Mass. 

Write No. 735 in Box on Inquiry Card 


High RPM Dynamometer 


Developed for testing motor _horse- 
power and life to meet new stringent 
parameters, an efficient dynamometer 
is capable of speeds up to 20,000 rpm 
and loads up to 7 hp. The dynamometer 
consists of a generator constructed 
from a motor frame mounted on ball 
bearings to allow free horizontal move- 
ment. Across top of generator is a 20” 
arm, the end of which attaches to a 
common weight scale indicating inch 
lbs. The test motor can be electrical, 
pneumatic or hydraulic. Electronic Spe- 
cialty Co., Los Angeles, Calif. 
Write No. 728 in Box on Inquiry Card 


Testing Power Supplies 


With controls for fine current adjust- 
ment, a Mho box tests power supplies, 
power amplifiers, etc., dissipating up to 
250 watts. Each of six dials controls 
the total inductance thus leading to ex 
act load currents with high accuracy. 
All dials set to zero result in open cir 
cuit loading for no load measurements 
The Daven Co., Livingston, N. J. 
Write No. 732 in Box on Inquiry Card 


DC Coupled Scope 


Lighter than 6 Ibs, a de coupled scope, 
factory wired, tested and guaranteed 
costs $69.95. Sensitivities: 250 mv per 
division for de and 6 mv per division for 
ac. Sweep operates from 20 cps to 20 
ke from internal or external synchroni- 
zation. Horizontal input provides Lis 
sajou patterns. Training manual in 
cluded with scope is said to be able to 
transform a novice into an expert. Wa 
terman Products Co., Philadelphia, Pa 
Write No. 729 in Box on Inquiry Card 


ELECTROMECHANICAL DESIGN 
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Resolver Standards 





A resolver standard which offers a func- 
tional accuracy of 2 seconds of arc 
eliminates the requirement for a null 
detector and a_ resolver transmitter 
mounted in an index stand. The device 
may be used as a reference base for 
resolver testing and for control systems. 
As a control, the resolver standard 
serves as a forward speed regulator for 
machine tools, computers, radar simula- 
tors and flight simulators. Other uses 
include: qualification and production 
testing of resolvers, production assembly 
testing of electromechanical assemblies, 
system assembly and final system test- 
ing. Astrosystems Inc., N.Y.C. 
Write No. 756 in Box on Inquiry Card 


Regulating Magnetic Fields 


A rotating coil fluxmeter measures or 
controls non-uniform fields to an ac- 
curacy of 0.01%. What is said to be 
an exceptional accuracy has been ob- 
tained with an oscillator that stabilizes 
a reference magnet to one part in 10°. 
The unknown field is compared to the 
known field by means of identical ro- 
tating coils. Motors have extremely 
stable speed characteristics and special 
slip rings and brushes to reduce contact 
resistance and contact noise. The flux- 
meter can also be used as a field control 
unit to regulate magnetic fields. J. C. 
Carter Co., Costa Mesa, Calif. 
Write No. 757 in Box on Inquiry Card 


Null-Readout Oscilloscope 


An oscilloscope, said to be using a null 
balance technique for the first time, ac- 
curately and speedily measures analog 
data. The 1% null-readout potentio- 
meters measure amplitude on two sig- 
nal channels as well as sweep time. An 
anti-parallax scale, equivalent to a mir- 
ror-backed scale on a meter, prevents 
errors in reading the cathode-ray tube 
screen, Analab Instrument Corp., Cedar 
Grove, N. J. 
Write No. 727 in Box on Inquiry Card 


Dynamic Rectifier Analyzer 


Self-contained analyzer tests semicon- 
ductor rectifiers at any combination of 
ratings from 100 ma to 20 amps and 
from 0 to 1000 volts under actual oper- 
ating conditions. It also evaluates heat 
sink design. Suited for incoming and 
on-line inspection and laboratory use 
the analyzer exceeds test conditions of 
proposed JEDEC specs. Wallson Assoc., 
Inc., Elizabeth, N. J. 
Write No. 733 in Box on Inquiry Card 
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Gear Analyzer 






Versatile gear analyzer enables visual 
observation of shaft backlash angle and | 
detection of minute shaft motion while 
determining breakaway torque. Glow- 
ing lights indicate the attainment of 
desired torques which preset to any | 
value from 0.002 to 48 oz-in. No ex- 
ternal voltage regulation required. 
Rotiform Co., Santa Monica, Calif. 
Write No. 731 in Box on Inquiry Card 


Decal Measures Vibration 


An optical decal, easily affixed to shake 


table, fixture or test specimen in prox- | 


imity to a vibration pickup, achieves 
+5% accuracy in vibration measure- 
ments which require only the naked 
eye and a simple light source. The mylar 
decal simplifies spot checking the cali- 
bration of vibration measuring systems 
during environmental vibration tests. 
It indicates visually vibratory motion 


of 0.085”, double amplitude. Kit of 
five decals with instructions: $1.75 
plus postage. Wrisley Engineering, 


Inc., Winchester, Mass. 
Write No. 769 in Box on Inquiry Card 


WORTH FILING 





Vibration Control 


16 page catalog contains principles of | 


vibration testing along with descriptions 
of, and specs for: electrodynamic ex- 
citers (max force output: 1.2 to 100,- 
000 Ibs); electrohydraulic shaker sys- 
tems; electronic power supplies (output 
tube plate dissipation: 2 to 240 kw 
max); 
electronic 


control consoles. Sections 


and sine and random motion | 


also treat: vibration pickups and vibra- | 
tion meters used in testing engines and | 


other equipment subject to vibration; 
vibration isolating Isomode pad and 


engine, machinery and shipping con- | 


tainer mounts. 
Source: Textron Electronics, Inc. 
New Haven, Conn. 
For Your Copy: Write No. 805 on Inquiry Card 


Fluorescent Compounds 


As a guide to identifying solutions 
through their fluorescent properties, a 
19-page booklet lists characteristics of 
several hundred fluorescent compounds. 
Also included are activation and fluor- 
escing wavelengths, pH values, and ul- 
timate sensitivities. A bibliography of 
about 40 fluorometry papers describes 
a wide range of research projects. 
Source: American Instrument Co., Inc. 
Silver Spring, Md. 
For Your Copy: Write No. 847 on Inquiry Card 














Up to 20 watts in %” 
diameter with Minco’s 


H4A Button-Heater. 


e Metal case, center-screw mounted, 
weighs less than 4 grams. 

e Operates to 500° F. internal tempera- 
ture. 

e 2, 5, 10, 15, or 20 watt models at 
115 volts. 

e Simplified thermal engineering meth- 
od described in data sheet. 

e Initial shipment made within 24 hours 
when requested. 

e $10 each for 1 or 2, $8.50 each for 
3-10, $7.20 each for 11-25. 


FREE PRODUCT FOLDER OF 
THERMAL-DEVICES 


Request EEM-5300 file for technical 
data about. Heaters, Thermal-Ribbons, 
Thermal-Indicator, ‘Resistance Tempera- 
ture Detectors, and Precision Resist- 
ance: Thermometers. 


MINCO PRODUCTS, INC. 


740 Washington Ave. No. 
Minneapolis 1, Minnesota 
Ld FEderal 8-6753 
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Special Automatic Process Accurately 
Duplicates Superconducting Planes 


Successful fabrication of a cryogenic 
thin film memory plane the size of a 
postage stamp and the development of 
automatic control techniques capable 
of duplicating it many times have been 
achieved by scientists at IBM’s Federal 
Systems Div., Kingston, N. Y. The 
memory plane consists of 135 cryotron 
devices built up in 19 layers of material. 

Three cryotrons form a memory cell 
which combines storage with an ele- 
mentary logic pattern. Because of this 
combination of functions, sophisticated 
operations not practical before may be 
realized. For example, scientists expect 
this concept may be used in an “asso- 
ciative memory,” which simultaneously 
searches all memory compartments, 
speeding access to stored information. 

Key to this major advance in cryo- 
genic device development is the special 
technique which permits accurate dup- 
lication of devices With this technique, 
microscopically thin layers of metals 
and insulating materials are automati- 
cally deposited on a glass substrate. 

The equipment used for deposition 
allows each layer of a metal or insula- 
tor to be sequentially deposited through 
17 microscopically adjusted masks, or 
perforated metal sheets. The masks are 
changed automatically like records in a 
juke box and are held in a large metal 
cylinder operating under high vacuum. 
Once the masks have been properly 
aligned, the process automatically pro- 
duces duplicate superconducting mem- 
ory planes with similar electrical and 
mechanical characteristics. 

Forty separate pieces or “bits” of in- 
formation are stored in 120 cryotrons. 
Of the remaining 15 cryotrons, 10 per- 
mit access to the stored bits of informa- 
tion; the other five are “in-line” cryo- 
trons which switch bits of information 
from one memory plane to another. 
These newer “in-line” cryotrons op- 
erate faster than conventional cryotrons 
in communicating between the memory 
planes. They also permit faster com- 
munication between memory planes and 
arithmetic portions of a computer. 

Write No. 176 in Box on Inquiry Card 
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CRYOGENIC MEMORY DEVICES 


Fig 1 Schematic diagram of memory cell. 
The thin-film 135 cryotron memory plane 
relies on a basic building block of three 
crossed-film cryotrons in combination with 
a persistent current loop to make up a 
storage cell. A persistent current is set 
in the loop CDEFC if the following op- 
erating-sequence is followed: (1) apply 
Iw to the WRITE cryotron to hold the 
WRITE gate normal (2) apply informa- 
tion current Iz which will now have to 
go through Branch 2 of the persistent cur- 
rent loop. (3) Remove Iw. The informa- 
tion current Iz now remains in Branch 2 
of the persistent current loop, even though 














the WRITE gate is now superconductive; 
(4) remove information current Iz. The 
persistent current is destroyed in the loop 
by the application of Iw, causing the 
WRITE cryotron to become resistive, 
while the information current Iz is zero in 
magnitude. The presence or absence of a 
persistent current can be detected by 
monitoring the resistance between points 
A and B while current Ir is applied, thus 
causing the READ-OUT cryotron to be re- 
sistive. When a persistent current is not 
stored, the READ cryotron is superconduc- 
tive and there is no resistance between 
points A and B. 


Fig 2 Experimental cryogenic 
memory is a word-oriented (2-di- 
mensional) plane consisting of 8 
word-registers with 5 bits per 
word, given a total of 40 memory 
cells. Word-register selection is ac- 
complished with room-temperature 
equipment. The 135-cryotron thin 
film planes are fabricated in a 36” 
x 36” horizontally mounted stainless 
steel cylindrical vacuum tank. Each 
plane requires only one pump- 
down of the vacuum system; all 
evaporations occur at pressures ap- 
proximating 10° mm Hg. Film 
thicknesses are automatically con- 
trolled by a rate-monitor which 
controls the rate of film deposition 
during a specific time interval. 
Completed planes are fastened 
mechanically and electrically to a 
sample holder and are then placed 
in the liquid helium environment 
for testing. 
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PRINTED CIRCUIT CARDS 


“Jniversal” Design Speeds 
Production of Short-Run Equipment 


Standardization and prefabrication of 
components and subassemblies which 
can be used in more than one special 
model of a computer is generally be- 
lieved to be an impossible concept 
according to Librascope, Inc., Glen- 
dale, Calif. 





Librascope engineers’ approach to 
the problem was to make careful and 
analytical study of the basic design 
parameters of each class of computer 


to determine the general circuitry 
needed. On the stock cards developed 
from this study, components may be 
added to form logic modules before 
the final design of the computer is 
ready, and then, when the design is 
firmed, these modules may be inter- 
connected to form the required circuits. 

In producing the universal printed 
circuit cards for various types of com- 
puters, Librascope divides the assembly 
into two steps. The first is a preassem- 
bly, at which point all cards destined 
for a specific class of computer look 
alike. This preassembly stage takes 
place before the logical design of the 
computer has been completed, permit- 
ting the industrial engineering dept. to 
perform a large amount of fabrication 
prior to full production. 

The second phase involves working 
out the interconnections of the indi- 
vidual. modules to provide the proper 
circuits for the computer after the com- 
puter design has been completed. 

Developed to speed production of 
extremely short run equipment, the 
technique does not result in the most 
compact packaging or in a card that 
is particularly adaptable to mass pro- 
duction. When a single unit or less 
than five machines are being built, 
savings in production time and reduc- 
tion in the lag between design and 
assembly makes this technique highly 
desirable. 

Etched circuitry is carried through 
from the base plug to the top of each 
card where a duplicate connector is 
provided, permitting cards to be con- 
nected to test instruments while plugged 
into computer. 

Write No. 561 in Box on Inquiry Card 
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SEMICONDUCTOR 
MOUNTING BASES 


Cold forming two superior alloys 
results in improved thermal and 
electrical conductivity. 


Most stud-type heat sink bases have 
been made of tellurium copper since it 
could be readily machined. According 
to Standard Pressed Steel Co., Jenkin- 
town, Pa., the more desirable material, 
oxygen-free copper, previously was by- 
passed because of the near impossibil- 
ity to machine it into the complex 
shapes required by semiconductor 
mounts. This material also defied 
early attempts to cold form it success- 
fully. 

A new SPS cold forming process 
completely tames the high conductivity, 
oxygen-free copper and also permits it 
to be satisfactorily machined—should 
this be desired—as a subsequent opera- 
tion. The company reports that the 
new oxygen-free, cold forged copper 
bases provide as much as 10 percent 
more electrical and thermal conductiv- 
ity than tellurium copper. 

Use of another copper alloy—a zir- 
conium copper containing 0.15 zircon- 
ium—produces a high-strength series 
of bases, which retain high strengths 
even after exposures to temperatures of 
1000 F at which materials generally in 
use are annealed. This is an important 
consideration since brazing and weld- 
ing are presently among the favored 
methods for joining the bases and mat- 
ing caps in the final assembly of semi- 
conductors. The zirconium-copper alloy 
produces parts with much greater 
torque-strength ratings. As a result of 
alloying ingredients and the special 
SPS processing, the strength of these 
zirconium-copper bases actually  in- 
creases slightly after exposure to tem- 
peratures up to 1000 degrees. Beyond 
that point, considerable initial strength 
is still retained, but length of exposure 





to temperature between becomes a 
factor. 

With both oxygen-free zirconium- 
copper bases, a closer control over func- 
tional dimensions stems from the in- 
herent accuracy of the precision cold 
forging process. Accuracy is built into 
the forging dies and close tolerances 
can be held over relatively long pro- 
duction runs. Closer control over one 
of the critical dimensions—the square- 
ness of base bottom to mounting thread 
—provides an added measure of heat 
and thermal conductivity for either type 
material. Any angularity at this point 
tends to reduce contact between base 
bottom and chassis, thus reducing the 
degree of electrical and heat conductiv- 
ity. Closer control over flatness of the 
top of the bases facilitates mounting of 
the semiconductor and the hermetic 
sealing of the final assembly. Basic 
economy of the cold forming process in 
substantial runs is said to offset the 
added cost of both the higher priced 
zirconium and oxygen-free materials. 

SPS currently is producing threaded 
and non-threaded bases of both new 
materials in the most widely used 7/16 
and 11/16 inch sizes (the across flats 
dimension of the hexagon base.) The 
company also makes parts ranging in 
size from miniatures to 114 inches 
across the flats and they believe that 
larger sizes should be equally feasible. 
A variety of special configurations has 
been made to order. 

Write No. 166 in Box on Inquiry Card 

















“Johnson! How many times do I have to tell you 


to shut the door when you mate those machines.” 












When the requirements seem impossible... 


TUNG-SOL specifies MYCALEX® 410 glass-bonded mica 
for extraordinary reliability 


THE HEAT’S ON . . . to combat close quarters in critical power 
supply applications resulting in bulb temperatures up to 572°F., 
TUNG-SOL engineers chose MYCALEX 410 glass-bonded mica 
for the base of their new 7802WB Series Regulator Tube. TUNG- 
SOL also specifies the MYCALEX 410 glass-bonded mica for its 
new type 7403 “hard” pulse modulator tube. This unique electronic 
insulating material . . . can be precision-molded . . . does not blister, 
char or develop leakage paths under difficult operating conditions. 
It exceeds requirements for a MIL-E-ID Qualification Zone 15 
rating . . . offering a maximum temperature 
endurance of 650°F. (unstressed), and abso- 
lute dimensional stability. 

Whatever your problem—“hot spots,” 
reliability, intricate inserts, complex geom- 


General Offices and Plant: 
131 Clifton Boulevard 
Clifton, N. J. 


NMYCALEX 


CORPORATION OF AMERICA 


etry—MyYcaLex CORPORATION OF AMERICA has the facilities to 
supply a ceramoplastic or glass-bonded mica insulation material 
in either precision-molded or machinable grades for your appli- 
cation. On short or large production runs, the more exacting the 
specification, the more you will appreciate the unduplicated 
advantages of these materials. Write for design information on 
MYCALEX glass-bonded mica . .. SUPRAMICA® ceramoplastics 
offering maximum temperature endurance of 1550°F. (unstressed) 
and SYNTHAMICA?® synthetic mica with maximum temperature 
endurance of 2000°F. (unstressed) . . . the 
family of the world’s most nearly perfect 
insulation materials. 
Our engineers will be glad to assist you 
with your design and production problems. 


Executive Offices: 
30 Rockefeller Plaza 
New York 20, N. Y. 


World's largest manufacturer of ceramoplastics, glass-bonded mica and synthetic mica products 
CIRCLE NO. 83 ON INQUIRY CARD 


ELECTROMECHANICAL DESIGN 





es to 
terial 
appli- 
g the 
cated 


n on 
astics 
ssed) 
ature 
. the 
or fect 


' you 
ns. 





Electrical Insulation, Part 2 


Part I of this Digest appeared in the 
May 1960 Issue. The purpose of the 
Digest, as stated there, is to help the 
electromechanical designer solve insula- 
tion problems in advanced applications 
where insulation systems are required 
to work reliably in extremely compact 
packages under a wide range of envi- 
ronmental conditions. We pointed out 
that choosing the best insulation for a 
given job is a very difficult task. The 
list of available types in every class is 
enormous. We therefore avoided classi- 
fying commercially available insula- 
tions, concentrating on description of in- 
sulation characteristics, design and _ se- 
lection factors, and methods of test. 
Our aim was to acquint the project en- 
gineer with fundamentals which permit 
him to read about and discuss insula- 
tions with understanding. 

In the last section of Part I we re- 
viewed papers presented at the Second 
Annual National Conference on the Ap- 
plication of Electrical Insulation — 1959 
that were of particular interest to elec- 
tromechanical engineers. Part II, pre- 
sented here, brings the Digest up to 
late by summarizing similar informa- 
tion from the Third Annual Conference 
m the Application of Electrical Insula- 
tion held in Chicago, Dec., 1960. 


Types of Chemical Bonds 


The design engineer who attempts to 
understand the behavior of electrical 
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insulating materials as a means for 
more rational selection for specific ap- 
plications may run into problems. The 
past two decades of research by chem- 
ists and physicists have tended to em- 
phasize the molecular and_ atomic 
structure of materials and their rela- 
tionship to the performance of materials 
under various environmental conditions. 
Thus, yesterday’s understanding of the 
presence or absence of conducting phe- 
nomena within a material based on 
eleciron mobility and electron conduc- 
tion (see Fig. 1) is not enough. Chem- 
ists have come up with additional phe- 
nomena that aid in clarifying or cloud- 
ing our understanding depending on 
the extent to which their explanations 
and language make sense or nonsense. 

Perhaps one of the clearest explana- 
tions associated with the types of chem- 
ical bonds and their influence on the 
passage or restriction of electrons 
through materials was presented by 
Jack Swiss of Westinghouse Electric 
Corp. His discussion of ionic, covalent, 
and polar bonds makes sense to us. 


IONIC BONDS 


Elements in the group at the left of 
the Periodic Table have a strong tend- 
ency to form a stable outer electron 
shell by losing their valence electrons. 
In this process, they become positive 
ions and such elements are said to be 
electropositive. In any one group, this 
tendency to lose valence electrons be- 


COMPONENTS 


DIGEST 


comes stronger as the atomic radius in- 
creases, thereby decreasing the force of 
attraction between the nucleus and the 
outermost electrons. For example, so- 
dium, with an atomic radius of 0.95 
Angstrom is much more electropositive 
than hydrogen, whose atomic radius is 
about 0.3 Angstrom. 

On the other hand, the elements at 
the right of the Periodic Table have a 
strong tendency to form a stable outer 
electron shell by completing their nearly 
filled octet. In this process, they be- 
come negative ions and these elements 
are said to be electronegative. 





Recognized Major Causes of 
Insulation Failure 


Thermal aging as determined by cumu- 
lative time-temperature effects. 

Moisture absorbed into the solid insula- 
tion and accumulated on the insulating 
creepage surfaces. 

Conducting contaminants resulting from 
combinations of dirt, chemicals, oils, etc. 
Differential expansion and contraction of 
conductors, magnetic structure, and _in- 
sulation (more pronounced on large 
machines with long cores). 
Mechanical damage from short circuit 
stress, physical shock, vibration, or loose 
foreign objects. 

Corona (low energy) or slot discharge 
(high energy). 

Surge voltage phenomena. 

Operation at abnormal voltages. 
Operation at abnormal currents. 
Loosened coils and wedges due to 
shrinkage. 

Loss of end winding support. 














than .005" 
g Runout 


j ona 24° 
Shaft... 


motor problems 
P. 


Holding runout tolerances on a 
motor shaft extending 24” beyond the 
motor frame poses a difficult design 
problem. To reduce runout, many man- 
ufacturers have resorted to compli- 
cated andexpensive outboard bearings 
and shaft supports. To avoid this prob- 
lem, one such company* came to 
Holtzer-Cabot, which in cooperation 
with the company’s engineers, devel- 
oped a motor with a special extended 
end cap and a heavier shaft. The re- 
sult: less than .005 runout at one inch 
from the end of the 24” shaft. 


Write for Information! Holtzer- 
Cabot specializes in the design and 
manufacture of fractional horsepower 
motors for all types of applications. 
For complete details on Holtzer-Cabot 
motors for specific applications, and 
a copy of “Key Factors in Selecting 
AC Motors for Instrument Service” 
write direct or use Readers Serv- 
ice Card. 

*Name on request 


HOLTZER-CABOT 


MOTOR DIVISION 


National Pneumatic Co., Inc., Boston 19, Mass. 
CIRCLE NO. 33 ON INQUIRY CARD 
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An ordinary single chemical bon 
between two atoms is believed to con 
sist of a pair of electrons with opposit: 
spins. In substances like sodium chlo- 
ride, the electron pair is displaced to- 
ward the chlorine atom, so that the so 
dium is relatively positive and the chlo 
rine is relatively negative. The result- 
ing linkage is called an “ionic” bond 
Such substances in the dry solid state 
are excellent insulators because of the 
immobility of the ions. When molten, 
or when dissolved in a dissociating sol- 
vent, such as water however, such sub- 
stances are relatively good conductors 
of electricity. Some insoluble substances 
containing similar ionic bonds are good 
insulators, even in the presence of 
water, their insolubility and resulting 
ion immobility making conduction im- 
possible. Mica is an example of such 
a substance. 


COVALENT BONDS 


Elements in the central part of the 
Periodic Table are neither strongly elec- 
tropositive nor strongly electronegative 
and for this reason tend to share the 
electron pair more or less equally be- 
tween the two atoms being joined. This 
type of bond, a “covalent” or shared 
electron pair bond, has essentially no 
tendency to dissociate to form ions o1 
free electrons, and substances contain- 
ing only covalent bonds are excellent 
electrical insulators. Furthermore, such 
substances have little tendency to ab- 
sorb or dissolve ionic conducting ma- 
terials. The property of forming cova- 
lent bonds is most pronounced in the 
element carbon and for this reason the 
number of compounds of carbon far 
outnumbers the compounds of all othe: 
elements combined. Compounds con- 
taining carbon are called “organic” com- 
pounds. 


POLAR BONDS 


Still another type of bond which must 
be considered, is one in which the 
electron pair displacement is intermedi- 
ate between that present in ionic bonds 
and that present in covalent bonds. The 
hydrogen chloride molecule, for exam- 
ple, is similar to sodium chloride with 
this difference: The hydrogen electron 
is held more strongly to the hydrogen 
atom because the atomic radius of hy- 
drogen is about one-third that of so- 
dium; as a result; the electron pair is 
displaced toward the chlorine, but not 
as far as in sodium chloride where it 
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Though all of the following properties 
are not necessarily applicable to any one 
specific insulation problem, a check of the 
list will aid you to select those properties 
that should be considered. It is important 
to keep in mind the effects of temperature 
upon the properties and to evaluate an 
insulating material with respect to the con- 
ditions it will meet in service. 


ELECTRICAL 
Volume resistance 
Volume resistivity 
Surface resistance 
Surface resistivity 
Dielectric constant 
Dielectric break down strength 
Dissipation factor 
Loss factor 
Power factor 
Phase angle 
Loss angle 
Arc resistance 
Corona resistance 
Tracking resistance 
Permittivity 


MECHANICAL 


Ultimate tensile strength 

Ultimate compressive strength 
Shear stress (direct) 

Shear stress (bending) 

Flexure strength 

Modulus of elasticity 

Modulus of rupture 

Impact strength (lzod — cantilever) 





Check List of Important Properties In Selecting Insulating Materials 


Impact strength (charpy — notched beam) 
Hardness (indentation at room & elevated 
temp ) 

Tear strength 

Percent elongation 

Flexibility 

Machinability 

Fatigue stress (simple & combined stress) 
Abrasion resistance 

Stress crazing 

Specific gravity 

Refractive index 

Transparency 

Color 

Porosity 

Permeability to gases 

Moisture absorption 

Thermal conductivity 

Thermal expansion 

Creep (threshold at room & elevated temp) 
Plastic flow 

Thermal decomposition 

Spark & flame resistance 

Melting point 

Pour point 

CHEMICAL PROPERTIES 

Resistance to reagents 

Effects upon adjacent materials 
Electro-chemical stability 

Stability against ageing 

Stability against oxidation 

Solvent crazing 

Resistance to light 

Resistance to moisture 

Solubility 


Resistance to fungus 








essentially is transferred to the chlorine. 
The bond in hydrogen chloride is called 
a “polar” bond. 

Such a bond has both covalent and 
ionic characteristics. Because the elec- 
tron pair is not symmetrically placed, 
one atom of the molecule becomes rela- 
tively negative and the other relatively 
positive. Such a molecule tends to ro- 
tate in an electric field, and this move- 
ment of charge constitutes conduction 
under some circumstances. Materials 
that have a large number of polar 
bonded atoms or groups, able to rotate 
rapidly, have a high dielectric con- 
stant. The increase in dielectric con- 
stant over that of nonpolar molecules is 
roughly proportional to the concentra- 
tion of dipoles and to the square of the 
magnitude of each. The mixture of 
chlorinated biphenyls, having a di- 
electric constant of about 6, which is 
widely used as a capacitor dielectric, 
owes its high dielectric constant to the 
presence of the unsymmetrically ori- 
ented polar carbon-chlorine bonds. 


Failure and Breakdown Values 

Graham Lee Moses of Westinghouse 
Electric Corp. believes that electrical 
insulation can be said to be a state of 


matter rather than a class of materials 
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since all insulating materials are char- 
acterized by a scarcity of free electrons 
in the physical structure. In his paper 
mistitled “The Purpose of Electrical 
Insulation” Mr. Moses presented an ex- 
cellent analysis of the various failure 
theories associated with insulation mate- 
rial and emphasized a point not too 
clearly understood or appreciated by 
the average engineer who is only occa- 
sionally involved in the selection of an 
insulation material for a specific appli- 
cation. 

More often than not, the average 
engineer who needs a material for a 
specific application tends to be guided 
in his choice on what has been used 
before for similar applications. Today’s 
trend is to express your need for a spe- 
cific material in terms of the properties 
you desire. However, properties of 
engineering materials, as Mr. Moses 
points out, can be discussed from two 
different points of view: failure values 
and withstand values. In the case of 
dielectric strength of insulation a failure 
value is a voltage at which the material 
fails and is usually stated as the average 
failure voltage determined by a num- 
ber of tests. The withstand value is an 
expression of the voltage an insulation 
can withstand and is often stated as a 
minimum voltage at which or below 
which no failure may be expected. Fail- 
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Kansas City 


needs 


ELECTRONIC TEST 
EQUIPMENT 
ENGINEERS 


It isn’t unusual for our speciality 
packaged electronic test instrumen- 
tation to be more sophisicated than 
the products it is designed to test. 
The reason for this is that our AEC 
prime contract requires standards of 
quality which are far beyond the 
ordinary. 


Since we do unusually demanding 
work, we have an unusually inter- 
esting department. Our engineers 
are constantly wrestling with new 
and unexplored problems. They 
contribute to project teams in the 
solution of unique testing assign- 
ments with responsibility from de- 
sign to actual use. As a result, these 
engineers have the almost unparal- 
leled experience of seeing their brain 
children converted into practical 
hardware. 


This is no place for a beginner or a 
drone. What others treat as the 
“State of the Art”, we consider 
commonplace, and you'll need both 
training and experience to qualify. 
We prefer an E. E. who is familiar 
with test equipment problems and 
inspection techniques. Past associa- 
tion with military electronics equip- 
ment or experience in precision 
measurement of mass produced items 
would help to equip you for this 
position. Machine Shop experience 
would also be useful. 


If you can qualify, we promise you 
an exceptionally rewarding spot with 
one of the nation’s most vital indus- 
tries. We offer unusually generous 
company benefits in a Midwestern 
community which is famous for its 
beauty and low cost-of-living. All 
replies will be strictly confidential. 


For personal interview, 
send resume to: 


Mr. T. H. Tillman 
Box 303-SK 





KANSAS CITY DIVISION 
95th & Troost, Kansas City 41, Missouri 











ELECTRICAL PROPERTIES RELATING TO INSULATION RESISTANCE 





Dielectric Constant—The dielectric constant, 
K, of an insulating material is the 
ratio of the parallel capacitance of a given 
configuration of electrodes with the material 
as the dielectric to the capacitance of the 
same electrode configuration with a vacuum 
as the dielectric. Capacitance, C, of a ca- 
pacitor is the ratio of the charge which can 
be stored in the capacitor to the potential 
applied to it. It is expressed in farads when 
the charge is expressed in coulombs and the 
potential in volts. Insulating materials are 
used in general in two distinct ways, (1) 
to insulate and support components of an 
electrical network from each other and from 
ground, and (2) to function as the dielectric 
of a capacitor. For the first use, it is gen- 
erally desirable to have the capacitance of 
the support as small as possible, consistent 
with acceptable mechanical, chemical, and 
heat-resisting properties. A low value of 
dielectric constant is usually desirable, so 
that the capacitor may be physically as 
small as possible. Intermediate values of 
dielectric constant are frequently used for 
grading stresses at the edge or end of a 
conductor to minimize corona. 


Series Representation—While the parallel 
representation of an insulating material hav- 
ing a dielectric loss is fundamental, it is 
always possible and occasionally desirable 
to represent a capacitor at a single fre- 
quency by a capacitance, Cs, in series with 
a resistance, Rs. The dissipation factor, D, 


of the capacitor is the same for both the | 


series and parallel circuits as follows: 
D = RswCs = 1/R,@C, 


The relations between series and parallel 
components are as follows: 

Cs/Cp = 1+ D2 

Rp/Rs = (14-D*)/D2 = 14+1/D? = 

1+ Q- 
Note: the series capacitance is larger than 
the parallel capacitance by less than 1 per- 
cent for a dissipation factor of 0.1, and by 
less than 0.1 percent for a dissipation factor 
of 0.03. 

If the measuring circuit yields results in 
terms of series components, the parallel 
capacitance must be calculated before de- 
termining the dielectric constant. 


Dissipation Factor—The dissipation factor of 
on insulating material is the ratio of the 
conductance, G, of a capacitor in which the 
material is the dielectric to its susceptance, 
B, or the ratio of its parallel reactance, Xp, 
to its parallel resistance, Rp. It is 
also the tangent of the loss angle, tan 6 
(also called loss tangent), and the cotangent 
of the phase angle, cot @. It is represented 
by the symbol D: 
D = cot 6 = tan 5 = G/B = X,/R, 
= G/wC, = 1/R,wC, 

where: i 
w = 2x times the frequency in cycles per 

second. 

The reciprocal of the dissipation factor, 
D, is the storage factor, Q, sometimes called 
the quality factor. 


Loss Factor—The loss factor, DK, of an 
insulating material is equal to the product 
of its dissipation factor, D, and dielectric 
constant, K, It is proportional to the energy 
loss per cycle per squared potential gradient 
per unit volume. 


Power Factor—The power factor of an in- 
sulating material is the ratio of the power 
in watts dissipated in a capacitor in which 
the material is the dielectric to the product 
of the sinusoidal voltage and current ex- 
pressed in effective volt-amperes. It is also 
the cosine of the phase angle of the ma- 
terial, cos 6, and the sine of the loss angle, 
sine 5. It is usually represented by the 
symbol PF. 

Note: when the dissipation factor is less 
than 0.1, the power factor is smaller than 
the dissipation factor by less than 0.5 per 
cent. Their exact relationship may be found 
either by reference to trigonometric tables 
or from the following relations: 

PF = D/(1+D2)'2 
D = PF/[1—(PF)?]*2 


Phase Angle—The phase angle of an in- 
sulating material is the angle by which the 
current in a capacitor, in which the ma- 
terial is the dielectric, leads the voltage 
across it, both current and voltage having 
the same frequency. It is represented by 
the symbol 6. 


Loss Angle—The loss angle of an insulating 
material is the complement of its phase 
angle. It is represented by the symbol 6. 
It is sometimes called the phase defect angle. 


Power Loss—For both cases (as electrical 
insulation and as capacitor dielectric) the 
power loss generally should be small, both 
in order to reduce the heating of the moa- 
terial and to minimize its effect on the rest 
of the network. A low value of loss factor, 
at high frequencies is desirable because, 
for a given value of loss factor, the power 
loss increases directly with frequency. In 
certain dielectric configurations such as are 
used in bushings and cables, an increased 
loss, usually obtained from increased con- 
ductivity, is sometimes introduced to control 
the voltage gradient in the insulation. In 
comparisons of materials having approxi- 
mately the same dielectric constant, the 
quantity considered may also be dissipation 
factor, power factor, phase angle, or loss 
angle. 


Insulation Resistance—The insulation resis- 
tance between two electrodes which are in 
contact with, or embedded in, a specimen 
is the ratio of the direct voltage applied to 
the electrodes to the total current between 
them. It is dependent upon both the volume 
and surface resistances. Insulating materials 
are used in general to insulate and support 
components of an electrit network from each 
other and from ground. For this purpose it 
is generally desirable to have the insulation 
resistance as high as possible, consistent 
with acceptable mechanical, chemical, and 
heat-resisting properties, although in many 
cases it need be only high enough to have 
no appreciable effect on the operation of the 
network. Since insulation resistance combines 
both volume and surface resistance, its 
measured value is strictly applicable only 
when the test specimen has the same form 
as is required in actual use. 


Volume Resistance—The volume resistance 
between two electrodes which are in con- 
tact with, or embedded in, a specimen is 
the ratio of the direct voltage applied to 
the electrodes to that portion of the current 
between them that it distributed through 
the volume of the specimen. 


Surface Resistance—The surface resistance 
between two electrodes which are on the 
surface of a specimen is the ratio of the 
direct voltage applied to the electrodes to 
that portion of the current between them 
which is in a thin layer of moisture or other 
semiconducting material that may be de- 
posited on the surface. 


Volume Resistivity—The volume resistivity of 
a material is the ratio of the potential 
gradient parallel to the current in the ma- 
terial to the current density. 


Surface Resistivity—The surface resistivity of 
a material is the ratio of the potential 
gradient parallel to the current along its 
surface to the current per unit width of 
surface. 

Note: surface resistivity of a material is 
numerically equal to the surface resistance 
between two electrodes forming opposite 
sides of a square. The size of the square 
is immaterial. When the 
volume and surface resistivities of an in- 
sulating material have been determined, it 
becomes possible to design an insulator for 
a specific application. The changes of both 
resistivities. with temperature and humidity 
may be great, and must be known in order 
to meet operating conditions. Surface re- 
sistivity changes very rapidly with humidity, 
while volume resistivity changes only slowly, 
although the final change may be greater. 
Volume and surface resistivity measurements 
are often used in checking the uniformity 
of an insulating material, either to determine 
the uniformity of processing or to detect 
traces of impurities which affect the quality 
of the material and which may not be 
readily detectable by other methods. 


Correlation — When adequate correlating 
data are available, resistance or resistivity 
may be used to indicate the suitability of a 
material in other respects, such as dielectric 
breakdown, dissipation factor, moisture con- 
tent, degree of cure, mechanical continuity, 
and deterioration from whatever cause. 
While the actual value of resistance or 
resistivity may be important initially for any 
material, it is the change in resistance or 
resistivity that is significant when there is a 
change in the material. The insulation re- 
sistance test is of greatest value when the 
test specimen has the same form as that 
required in actual use. 

When adequate correlating 
data are available, dissipation factor or 
power factor may be used to indicate the 
suitability of a material in other respects, 
such as dielectric breakdown, moisture con- 
tent, degree of cure, and deterioration from 
whatever cause. While the actual value of 
dissipation factor is important initially for 
any material, it is the change in dissipation 
factor that is significant when there is a 
change in the material, 





ELECTROMECHANICAL DESIGN 











> < 
“ 


oF a ee ox +-O~< 


PY as a ee | 6S 





ire values are a statement of test data 
vhereas withstand values are a conser- 
vative interpretation of the ability of the 
insulation to successfully withstand spe- 
‘ific conditions. 

More than that the values quoted 
will depend considerably on the type of 
test used. Thus when an insulator is 
subjected to a voltage sufficiently high 
to produce rupture, the voltage at 
which such breakdown occurs is de- 
fined as the electric breakdown) 
strength. This strength depends on a} 
number of factors including the rate of 
voltage rise, the time of voltage appli- 
cation, the frequency of the voltage ap- 
lied, atmospheric conditions, thickness 
of the insulation specimen, temperature 
and electrode configuration. For these 
reasons, Mr. Moses emphasizes, stand- 
ard test procedures must be employed. 
The duration of the application of the | 
test to the specimen is of great import- | 
ance since most insulations vary widely | 
in the voltage required to produce | 
breakdown depending on the duration | 
of the dielectric stress. Few common | 
dielectric tests are in use. One is the | 
rapid-rise short-time test wherein the | 
voltage is raised at a constant rate. The 
other is the step by step test where 
each successive voltage is applied for a| 
specific length of time (usually one| 
minute) until failure occurs. 

Here is a summary of the various | 
breakdown theories Mr. Moses _pre- | 
sented. 





SOLID INSULATION DIELECTRIC 
BREAKDOWN THEORIES | 


Thermal Theory. The thermal theory | 
of breakdown is based on the belief 
that all solid dielectrics are heterogen- 
eous and variable. Therefore, some 
parts or areas of a dielectric have lower | 
resistance than other parts of an ap-| 
parently uniform material. Thus, the. 
current within a given insulation sample 
is not uniformly distributed. Weak 
parts carry more current and are heated 
more than other parts. If the heat is) 
not removed as rapidly as it is gene- 
rated in any part of the dielectric, the 
weaker spot grows hotter and its resist- 
ance becomes lower, because insulations 
decrease in resistance as their tempera- 
ture increases. The temperature con- 
tinues to rise as the voltage is increased 
until thermal instability occurs. This is 
quickly followed by breakdown of the | 
insulation at its weakest point. 

Ionic Theory. Another theory is| 
based on the assumption that a solid 
dielectric acts as an electrolyte and ions | 
move within it to produce current flow. 
Such ionization may be from either | 
collision or chemical action under the | 
influence of the field voltage. 

Disruptive Theory. According to this 
theory, electric breakdown of insula- 


| 
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* Weighs only 1.3 oz. 
-Ni-Span C pressure capsule 
- Stainless steel housing 






































NEW BRISTOL PRESSURE SWITCH 


Here’s a subminiature pressure switch 
that incorporates the superb reliability 
characteristics of larger Bristol pres- 
sure switches. Yet, it’s both miniature 
in size and it’s adjustable. 

It’s the Bristol Type C2060... with 
six models covering ranges from 2-15 
psi, absolute, to 20-200 psi gauge. 


Easy pressure adjustment. You can 
change pressure settings easily and 
simply, without tools. Just turn the top 
portion of the switch. A strong ball de- 
tent holds settings positively even un- 
der severe vibration and shock. 
Withstands shock, vibration, and ac- 
celeration in excess of MIL-E-005272B 
requirements. SPDT snap-action con- 
tacts are rated at 5 amps, 125vac, 60 


cps; 2.5 amps d-c resistive load. 

Get complete specifications on the 
new Bristol adjustable pressure switch 
today. Simply write for Bulletin AV 
2015. The Bristol Company, Aircraft 
Equipment Division, 181 Bristol Road, 
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tion is the effect of physical rupture 
within the solid, resulting in destruc- 
tion of molecular and other bonds in 
the dielectric. 


AIR BREAKDOWN 


The electrical breakdown of air is ac- 
companied by a luminous discharge 
usually followed by a sparkover when 
the air between electrodes is ionized. 
All gaseous dielectric breakdown is of 
this general nature, but air is the one 
of most interest to electric equipment 
designers. Prior to the sparkover, there 
usually is a small, dark discharge cur- 
rent through the gas which can only be 
detected in a darkened room or with 
very sensitive instruments. Gaseous 
breakdown occurs upon the application 
of sufficient voltage to free electrons 
in the field so that they move across the 
gap and multiply by collision with gas- 
eous molecules. Gaseous breakdown is 
a fairly reproducible phenomenon, par- 
ticularly between plane or spherical 
electrodes. 


SOLID INSULATION BREAKDOWN 


Solid insulations are of greatest im- 
portance because they provide a dielec- 
tric barrier effect which furnishes far 
greater and more reliable protection 
than air spacing or creepage separation. 
Low voltage apparatus may rely upon 
air spacing; and high voltage apparatus 
where space is of no consideration, may 
also rely upon air for major insulation. 
However, at the intermediate voltages, 
particularly where windings and mag- 
netic core are closely coupled, it is of 
the utmost importance that a dielectric 
barrier insulation be used. In all ap- 
parently solid insulations, the barrier 
must be effectively solid and nonporous 
Good dielectric barriers may have ten 
or more times the dielectric strength of 
air spacing. Furthermore, this barrier 
insulation level is usually reliably main- 
tained under adverse conditions of 
moisture and dirt. Solid dielectric bar- 
riers obtain their high dielectric 
strength by the nature of the compo- 
nent materials and the manner in which 
they are fabricated. 


VOLTAGE ENDURANCE 


Solid insulation will break down at 
different voltages depending on the 
duration of voltage application. Thus, 
any statement concerning dielectric 
strength about a particular material is 


meaningless unless it specifies or impli: 

the time of voltage application ju 

prior to breakdown. Standardized test 

such as ASTM, specify this so that ref 
erence to a specific test establishes th: 
time factor. In the last several years 
many voltage endurance tests have bee: 
made on different materials on a sta 
tistical basis. These tests range fron 
less than a microsecond up to more tha: 
a year’s duration. This work has dem 
onstrated that, over the whole rang: 
studied, the breakdown voltage con- 
tinues to diminish if the duration of 
the test is extended. 


SPACING AND CREEPAGE 


Many electrical devices or circuits 
within a device do not require solid 
barrier insulation for design or voltage 
reasons. Space may be enough to sepa- 
rate the conductors across an insulating 
surface or through a porous insulation 
particularly when the voltage is rela 
tively low. Here, it is essential to rec- 
ognize that there is a threshold of volt- 
age required to break down any gas 
spacing. Thus, for a few volts, any 
separation between two wires is ade- 
quate as long as it is cleaned and dry. 
For very small spacings between con- 
ductors, the insulation level is approxi- 
mately equal to the air breakdown of 
that spacing. Where conductors are 
separated across an insulating surface, 





f 
- 
a 
& 
: 





implie; 


m ju 
d test 
at ref 
1es th 
years 
e bee: 
a sta 
> fron 
e than 
; dem 
rang 
> con- 
ion of 


‘ircuits 

solid 
oltage 
) sepa- 
ating 
lation, 
> rela- 
oO rec- 
f volt- 
y gas 
, any 
; ade- 
1 dry. 
1 con- 
proxi- 
wn of 
S are 
rface, 





Yew) 


SORE EY as: Ah s SAME ESR RSs WN ie, 


the breakdown may be below that of 
ie insulating value of the gas spacing 
ecause of field distortion and conduc- 
on over the surface. It should be 
‘cognized that humidity and dirt will 
‘riously reduce the breakdown level 
rough porous insulation or over a 
eepage surface. 
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ELECTRIC STRESS DISTORTION ON 
DISSIMILAR INSULATIONS 


Two different insulating materials 
must be given special consideration 
when they are used in series as their 
dielectric strength cannot be added 
without considering voltage distribu- 
tion. Since the most usual case is where 
a solid insulation is in series with air or 
some other gas, the greatest stress is 
transferred to the gas because of its 
lower dielectric constant. The gas will 
then break down first, transferring full 
voltage to the solid insulation. 


MOISTURE EFFECTS ON INSULATION 


Insulation is seriously affected by 
both moisture and humidity. Moisture 
is absorbed into the pores of solid in- 
sulation thereby reducing its insulation 
resistance and increasing its power 
factor. When moisture wets an _in- 
sulation surface, a thin film of water 
may be formed rendering the surface 
highly conductive. 
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Fig 1. Conducting properties as a func- 
tion of number of carriers. Physicists de- 
fine the electrical insulating qualities of 
a material in terms of the number of 
carriers present per unit volume of mat- 
ter. Insulators have been defined as 
materials that have not more than 10 
carriers per unit volume; conductors, ma- 
terials that have 10° carriers or more; 
and semiconductors, materials that have 
an intermediate number, 10° carriers. 
The number of carriers present’ in 
the material is a rough measure of 
the ease with which electrons can be 
transported or moved through a given 
material. In insulators conductivity gen- 
erally increases with increase in tempera- 
ture. The negative temperature coeffi- 
cient of resistivity is explained on the 
basis that the number of “holes” increases 
because the greater amplitude of vibration 
at higher temperatures increases the prob- 
ability of their occurring. Also, mobility 
decreases because the ions absorb enough 
energy to jump into the “holes.” 


LOCKHEED PRECISION is illustrated in the new line 


of wirewound Potentiometers. To insure a model for every application, Lock- 
heed can supply instruments from 1/2” to 3” diameter, single and multiturn, 
with over 2,000 combinations of sizes, mounting, materials, bearings and 
sealing methods. Lockheed Electronics future developments include minia- 
ture trimming Potentiometers and resistance elements with infinite resolu- 
tion and extended life. 
Write for the Lockheed Potentiometer Brochure—Department M, Lockheed 
Electronics Company, 6201 E. Randolph Street, Los Angeles 22, California. 


LOCKHEED ELECTRONICS Company 


When distributed throughout the 
solid form of an insulation, water pro- 
duces significant increase in capacitance 
and power factor together with a seri- 
ous reduction in insulation resistivity. 
The rate and extent to which moisture 
will be absorbed into insulation, and 
thus affect its insulating characteristics, 
depend upon the relative humidity of 
the surrounding air and upon the fre- 
quency of the voltage at which tests 
are made on the insulation. The rate 
of moisture absorption and the degree 
of retention of moisture depend upon 
the porosity of the material. When ex- 
posed to saturated atmospheres and 
tested at power frequencies, the insula- 
tion capacitance may double and the 
power factor may approach 100%. Un- 
der such conditions, the insulation re- 
sistance may be reduced by a factor 
as much as one million to one. Surface 
films of moisture may form, particularly 
when the insulation is exposed to tem- 
perature changes and high atmospheric 
humidity conditions, resulting in dew. 


Class-F Insulations 


In recent years interest in Class-F 
155°C) insulation systems has grown 
markedly. Much work is currently go- 
ing on in developing and evaluating 
Class-F materials. Although future 
standards are in the process of being 
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compiled, eventual demand for Class-F 
systems is uncertain. In a paper titled 
“Review of Class-F Insulating Systems,” 
E. W. Summers of Westinghouse Elec- 
tric points out that one reason for this 
uncertainity is lack of standardization 
of Class-F systems with respect to eval- 
uation and proof of suitability. In the 
absence of standard tests, individual 
tests performed by insulation manufac- 
turers must be relied upon, together 
with the accumulation of actual field 
experience of a period of years. In ef- 
fect, the integrity of the supplier must 
be relied upon to determine whether 
his material or system qualifies for 
Class-F application. 

Summers contends that a more seri- 
ous problem facing Class-F systems is 
the lack of knowledge of where Class-F 
ac motors can be logically and profit- 
ably applied. Logical applications in- 
clude those where: (1) higher than 
normal ambient temperatures are en- 
countered, (2) small space and low 


weight are of prime importance, and 
(3) in fan cooled motors, particularly 
Large volume, 


in the larger sizes. 


Summers adds, will not be achieved un- 
til it is demonstrated that it is economi- 
cal to use Class-F motors where stand- 


ard open Class-A and B motors are 
now used. 

In an economic evaluation of the 
Class-F motor, Summers points out that 
the lower initial cost (since the unit is 
now smaller and hotter) is balanced by 
the increased operating costs due to 
lower motor efficiency caused by the 
reduced volume of material and the 
higher operating temperature of the 
copper. As a result of his appraisal, 
using the usual techniques of engineer- 
ing economics, he concludes that de- 
spite lack of classification standards, 
Class-F systems will increase in usage. 
He feels there is a good chance Class-F 
motors can replace the present standard 
Class-A motors and provide an eco- 
nomic advantage. 


MAGNET WIRE INSULATION 


In a paper titled “A Magnet Wire for 
Class-A, Class-B and Class-F Applica- 
tions, Ralph W. Hall of Phelps Dodge 
Copper Products Corp. suggests consid- 
eration of a single magnet wire for all 
three applications. His aim is to sim- 
plify the problem of evaluating and 
stocking a great variety of different 
types. 

The root of the problem in achieving 
this aim, he says, is the unusual com- 


bination of physical, chemical, thermal 
and electrical properties required in 
the insulating film for successful use in 
electrical equipment. These include, 
flexibility, good abrasion resistance for 
winding, chemical stability and solvent 
resistance, and preservation of electri- 
cal properties against time and tempera- 
ture for the design life of the applica- 
tion. Additional requirements are good 
form stability at the temperature ex- 
tremes encountered and high dielectric 
strength maintained under all environ- 
mental conditions of service. 

As a result of this diversity of desir- 
able properties, whose relative import- 
ance is a function of the particular ap- 
plication, manufacturers have devel- 
oped a great variety of magnet wire 
insulations based upon synthetic resins 
Although individual properties of one 
resin may be better than those of 
others, the problem is to find the best 
balance of properties. This requirement 
not only imposes a dfficulty on the 
user who must choose the best insulat- 
ing film for his application, but on the 
manufacturer as well who, because of 
competitive pressures, must have a 
great number of varnish systems in his 
plant to produce the large variety of 
grades required. “Actually,” Hall 
points out, “in many areas of applica- 
tion one magnet wire product is merely 
a substitute for another — without any 














Mechanical & Aeronautical Engineers 


Design & development opportunities in engine components, controls, 


The CJ-805 for the 
Convair 808...T-58 
turboshaft for heli- 
copters and VTOL aircraft... 


Current projects, both military and commercial, are 
aimed at creating next-generation systems throughout the 
power spectrum of turboshaft and turbojet engines — for 
unusual lift fan systems for VTOL/STOL to the J-93 for 
the world’s first Mach 3 bomber, the B-70 Valkyrie. 


W rite informally, 

or forward your resume 

in professional confidence to: 
Mr. Mark Peters, Dept. 29-MB 
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J-79 for the B-58 Hustler 
.. these are only a few of the achievements of General 
Electric’s Flight Propulsion Division. 


GENERAL 


and accessories for the entire jet spectrum.. 








Experienced ME’s and AE’s are invited 
to inquire about the excellent positions now available 
in the following areas: 


COMPONENT DESIGN ENGINEERING — advanced design 






FLIGHT PROPULSION DIVISION 





CINCINNATI 15, OHIO 


ELECTRIC 


work on jet engine components, compressors, turbines, struc- 
tures, etc. (0-5 years experience). 


CONTROLS & ACCESSORIES ~— design and development of 


electromechanical control devices and systems, gears, linkages, 
cams, servos, etc. (3-8 years experience). 


PERFORMANCE ANALYSIS — pian engine and component 
tests on statistical basis, issue performance test project sheets, 
analyze test data (3 or more years experience). 
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DESIGN 


advantage to the user. The problem 
facing purchasing people as they try to 
hold their inventory dollars down is 
obvious.” 

The basic fact that stands out is the 
need for a film wire for higher tem- 
perature operation without sacrifice of 
insulation life. Although very high tem- 
perature magnet wire insulations are 
available, they are usually poorer in 
space factor, or cost much more. What 
is really required is a balanced property 
insulation for magnet wire with Class-B 
and Class-F rating at no increase in 
cost, that also could be used for Class-A. 

Hall suggests that when the basic 
properties of all the synthetic resins 
used on magnet wire today are com- 
pared with respect to industry’s needs, 
a polyester resin based on terephthalic 
acid stands out, with more than ade- 
quate thermal life, good physical and 
chemical properties, and low produc- 
tion cost. The one glaring weakness, 
limiting its wide acceptance for Class- 
A,-B, and-F temperatures is referred to 
by Hall as “heat and solvent shock 
failure.” This weakness is evaluated by 
Phelps Dodge as follows: Heat Shock 
Test— Wire is stretched 15% and 
wound on a 3X (three times bare di- 
ameter) mandrel. Samples are sub- 
jected to +-175°C for 1 hour. Solvent 
Shock Test — Samples (as above) are 
subjected to 10 minutes in_ boiling 
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TEMPERATURE °C (Vex) 


Fig 2. Comparison of the life vs tempera- 
ture characteristic of Phelps Dodge’s Poly- 
Thermaleze with other insulations. 


xylene (135°C). 

Failure in the heat shock occurs as a 
result of loss of tensile strength at high 
temperature causing cracks to occur in 
the film. The solvent shock test can re- 
late to what happens during varnish 
treatment, particularly when 
are dipped hot. 


motors 


Hall states that a new polyester 
based wire film, Poly-Thermaleze by 
Phelps-Dodge does not show the heat 
and solvent shock failures characteristic 
of the conventional polyesters, thereby 
overcoming the glaring weakness men- 
tioned above. This achievement is 
based upon applying an additional thin 
layer on top of the conventional poly- 
ester coating. This outer layer is a 
high-molecular-weight linear polymer of 
high tensile strength when hot which 
effectively eliminates heat and solvent 
shock failures. Thus the high tempera- 
ture properties of the polyester may 
be taken advantage of extensively in 
Class-A,-B, and-F systems without sac- 
rifice in economy, and at a great sim- 
plification of wire evaluation and stock- 
ing problems. Fig 2 compares life vs 
temperature characteristic of Poly- 
Thermaleze with a variety of other in- 
sulations. 


Evaluation Techniques 


Discussing the need for functional 
evaluation of insulation systems, J. R. 
Learn, W. J. Sherburne and W. Vis- 
cusi of General Electric, Schenectady, 
N.Y., in a paper “Functional Evalua- 
tion of Class-F Systems,” propose meth- 
ods for carrying out the evaluation 
rapidly and economically. 

Functional tests for thermal life in 
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Self-Aligning 
and 


Self-Lubricating 


ROD END EXTERNAL 
THREAD TYPE 
“‘DREM”’ SERIES 


SPHERICAL BEARINGS 


” | 
Combine Monoball: Engineering Advantages with Life-Time Lubrication 


Design engineers in many industries are specifying new “DYFLON’® SELF-ALIGNING and SELF-LUBRICATING SPHERICAL BEARINGS 





for these 5 jor r 


1. LOWER COEFFICIENT OF FRICTION 
...ideal where lubrication is impossible or undesirable. 


2. WITHSTAND EXTREME VIBRATION 
...perfect performance under shock load conditions. 


3. WILL NOT “COLD-FLOW” 


...even under extreme load conditions. 
4. IMPERVIOUS TO KNOWN CHEMICAL SOLVENTS 


...eliminates corrosion problems. 


5. FAIL-SAFE ...due to “Monoball’’® design. 


In addition, due to their two-piece ‘““MONOBALL”’® 


design and plastic alloy insert, ““DYFLON’® bear- 


ings have a long cycle life. Alignment and installa- 


tion problems are minimized. Oil-free for life 


means lowest possible maintenance costs. 


Available in a variety of plain or rod end types. 


Bore sizes to 3.000”. Materials include stainless 


steel, plastic alloys and chrome alloy steels. Ulti- 


mate static loads to 500,000 Ibs. 


Request Engineering manual No. 551. 


SOUTHWEST PRODUCTS CO. 


WA em ele BE 
MONROVIA, CALIF. - PHONE: MURRAY 1-9616 
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of this hug 
missile m 


depend on | _— the 
: reliability 
of this tiny 
THERMISTOR 


a: 


leading missile manufacturers select 


-— VECO THERMISTORS 


The missile weighs tons, the weight of the thermistor is 
measured in milligrams, yet engineers know that VECO 


BOOTH 1423 


IRE SHOW always be depended upon 
Nhe 2003” curately and reliably. 


thermistors are rugged enough to do the job — they can 


to perform their function ac- 


More manufacturers specify VECO thermistors and varis- 
tors than any other, because VECO is a leading pioneer 


and can guarantee they'll 


measurement and control. 
Other VECO products: 





in the field of high reliability thermistors and varistors 


do the tough jobs engineers 


require. Be sure to find out how VECO products can help 
solve your particular problem in thermal or electrical 


Varistors e Chopperettes e Combustion Analyzers 
Thermistor Catheters and Needles e Matched Thermistors 
e Thermal Conductivity Cells e Thermistor Kits e Varistor 


Kits e Hypsometers e LOX Thermistors — and many others. 


FREES Write for Thermistor-Varistor VECO glass enclosed thermistors are 
" Catalog SB 52 for additional not adversely affected by radiation. 


information on VECO thermistors, varistors 
and other products. 


Our quality control processes are 


Cataloged in EEM and Radio Master accepted under MIL-Q-5923 standards. 


Wd Victory 


120 SPRINGFIELD ROAD, UNION, N. J. 


* MUrdock 8-7150 
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wide use today, including twisted pais, 
AIEE Procedure #57, and motorettes, 
AIEE Procedure #510, are useful and 
reliable tools for evaluation of 
simple wire and varnish combinations 
and simple random-wound motor sys- 
tems, providing information on thermal 
life and practical information for corre- 
lating with known service conditions. 

The authors, in evaluating Class-F 
systems, have continued to use the 
twisted pair and the motorette. In ad- 
dition, they have been working on the 
development of new functional test 
models to simulate random wound, 
form wound, and layer wound construc- 
tions using magnet wire, varnish, and 
ground and layer insulation, using cy- 
cling procedures similar to those of 
AIEE #57 and #510, but adapted to 
Class-F systems. They describe a num- 
ber of special models developed for 
their evaluation program: 

Slotette— For evaluation of - slot 
insulation. The slotette uses a_sec- 
tion of an integral horsepower motor 
stator with round bottom slots of speci- 
fied dimensions. Slot liners are in- 
stalled, and a_ specified number of 
strands of wire are wound to simulate 
the slot portion of a random wound 
coil extending out from one to two 
inches beyond the slot on both sides. 
Topsticks are melamine glass laminate. 
To prevent flashover, ends of the wire 
bundles are taped with mica mat tape 
and dipped in varnish up to 1 inch 
from the slot. The slot sections are not 
varnished. Cycles consist of thermal 
aging at three temperatures, followed 
by 16 hrs at 2 kv and 48 hrs at 100% 
RH, 100°F. Thermal aging periods are 
determined by AIEE 1D recommenda- 
tions. 

Cablette—For measurement of power 
factor, temperature, voltage relation- 
ships, corona start voltage vs tempera- 
ture, and voltage endurance tests on 
insulation systems used in cable and on 
high voltage rotating machinery. Physi- 
cally they consist of a minimum 24- 
inch copper tube, l-inch OD, helicall) 
taped with 1-inch wide insulating tapes 
Besides evaluating varnished and un 
varnished systems for high voltage ap 
plications, cablettes are used for studies 
of methods of taping, and compariso1 
of taping patterns, curing and molding 
techniques, and molding and forming 
operations. Variations are described fo: 
power factor determinations and voltag« 
endurance. 

Modified Transformerette—This is : 
simple device incorporating the basic 
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lements found in a_ transformer, a 
sagnet coil, or a field coil. It is essen- 
ially recommended for screening the 
arious components. Physically the 
aodified transformerette consists of a 
ectangular steel cone of specified di- 
nensions around which is wrapped the 
naterial to be evaluated as the ground 
insulation. Two single layer coils are 
installed, one directly around the other 
to provide two layers of magnet wire 
for wire-to-wire, as well as _ coil-to- 
ground, testing. A wrap of layer or | 
phase insulation is applied, followed | 
by two more single layer coils. An outer | 
wrap is applied last. A varnish treat- | 
ment is applied to evaluate various im- | 
pregnation processes. These structures, | 
suitable for measurements of dielectric | 
strength, corona start voltage, and in- | 
sulation resistance, can be evaluated 
according to AIEE #510 test procedure. 

Form Wound Motorettes—The scope 
of the motorette for evaluating insula- 
tion systems is broadened to include | 
form windings. Standard motorette | 
frames are converted to accept form- | 
wound coils by adjusting the sides of 
the slots to be perpendicular to the 
base. Due to the size of the slots, the 
form wound motorette is probably most 
useful for evaluating insulating systems 
for low voltage machines. Exposure 
conditions for all types of motorette | 
constructions may include water, sol- 
vent, or refrigerant immersion, salt | 
spray, mechanical shock, or extreme 
thermal shock, in addition to or in com- | 
bination with the heat aging, vibration | 
and humidity cycles of AIEE #510. | 

Tests, in addition to voltage, include | 
repetitive surge, insulation resistance, 
and corona starting level. 

The authors conclude by pointing out | 
that the value of these modified or sim- | 
plified functional tests seems to bear | 
the same relationship to the work done | 
on developing the formette, the full | 
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Fig 3. Bond strength of conventional sili- 
cone varnish vs curing times at 150, 200 
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py using’ HAYDON PUSHBUTTON 


& TOGGLE Swiror,; 


Engineered flexibility en- 
ables HAYDON to offer 


the largest listing of 
standard Pushbutton 
Switches (162) and 
Toggle Switches (324). 


3 current HAYDON Pushbutton 
Switch applications: 


3 Pole Switch with Sole- 
noid Coil, which holds de- 
pressed pushbutton in 
the ‘ton’ position until 
solenoid releases. Used 
in jet fighter-bomber. 


HAYDON Pushbutton Switches are 2 to 
6 pole, double-throw; actuating buttons 
available in three colors; terminals— 
solder hole, turret, or double turret; 
use HAYDON Series 5300 snap-action 


switches. 


ROCKER SWITCH for pitch 
trim control in the Lockheed 
Jetstar ... new executive 
transport. 


Alternate Action Pushbutton 
Switch with double-pole, 
double-throw circuitry. This 
assembly is an example of 
the Haydon Standard Series 
which includes momentary 
as well as push-push action. 


New versions in HAYDON Toggle 
Switches are created daily because of their 
DESIGN FLEXIBILITY. 


Assemblies can be furnished in various 
combinations of momentary and main- 
tained positions...and versatile SPDT 
circuitry of the individual switches pro- 
vides a variety of wiring options to meet 


your design requirements. 


HAYDON Toggle Switches are: 1 to 8 pole; 
2 and 3 position, double-throw; standard 
bushing or panel seal version; terminals 
—solder hole, turret, or double turret. 


These new subminiature 
toggle-assemblies use 
HAYDON-snap-action 
switches rated at 5 amps 
Resistive, 3 amps Induc- 
tive, at 30 VDC and 115 








and 250°C, 
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We invite you to write today 
for Bulletins Nos. 53T-1 and 
53PB-1, which will give you 
complete technical data on 
these switch assemblies. 
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#. MAKE THE MARK Il RELAY WITH 
WEDGE ACTION THE STRONG LINK 


No longer must your design make allowances for unreliable relays. 
Use the Mark II relay with complete confidence. Shock it with 100 
(Chk Suan | ¢-1 7-4-0 | Gt) led o lobe Oak) ail ce)-1-) a | @r- | G40) © hs OEE =111/- | aC 10 CID) 
V7] e] ¢-) (Le) a Mm igelea om co40)0]0 ei o\-sunmnmne] at) (og) Mh iceleamelavmellcellli a (-11-115 
to 2 amps. 


The Mark Il can take such punishment because of its exclusive 
contact action. The moving contact slides with a wedge action... it 
cleans itself . . . and the increasing pressure during overtravel 
virtually eliminates contact bounce, chatter and other relay head- 
aches. 


Make the relay the strong linkin your system... specify the Mark II. 


ih c-1a-paela-mele)ym-hs-lit-1e)(-e 


ELECTRO-TEC CORP. (@) 


South Hackensack, N.J 
Blacksburg, Va.—Ormond Beach, Fla 


WEST COAST LICENSEE: PACIFIC SCIENTIFIC CO., P.O. BOX 22019, 
LOS ANGELES 22, CALIF 
PAT. NO. 2,866,046 
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transformerette model, and the large: 
models such as the fieldette and the 
generette that the twisted pair, Proce- 
dure #57, bears to the Procedure #510 
motorette with which life data corre- 
lates extremely well in most cases. If 
such a relationship is borne out, these 
simple devices will be able to screen 
a great many systems out of which the 
most promising can be evaluated by 
models closer to actual equipment in 
size as well as design. 


PRELIMINARY TESTS 


W. B. Penn of General Electric, Erie, 
Pa., in a paper “Evaluation of New 
Materials for DC Motors and Genera- 
tors,” points out that in many instances, 
standards of testing, methods of classi- 
fication, and appropriate definitions have 
not been established, and yet manufac- 
turers make claims about performance 
based upon individual evaluations with- 
in their own manufacturing plants 
Even when a conscientious manufac- 
turer presents data, in complete tabular 
form, defining at the same time the 
tests to which he subjected his material 
the insulation engineer must still eval- 
uate the material for his application 
The reasons are the necessity of apply- 
ing the material to the very specific 
range in which it will be used, as well 
as to determine the compatability of the 
material with other elements of an in- 
sulation system that have already been 
proven out for the application. 

The main theme of Penn’s article was 
that a preliminary screening and eval- 
uation is necessary prior to an inten- 
sive and large scale evluation of an in- 
sulation. Since large scale evaluation 
is an intensive and time consuming 
process, this preliminary screening 
based upon the use of simple samples 
is of greatest value. Preliminary screen- 
ing eliminates those materials which 
would otherwise fail early in a large 
scale test program. Penn’s paper de 
scribes some of the procedures by 
which new materials are evaluated and 
screened by the DC Motor and Gene 
rator Deprtment of the General Electri: 
Company in Erie. 

The first screening test Penn de 
scribed is the “compatability test” which 
aims to check compatability between in 
sulations and impregnating compounds 
This test was introduced at the G. E 
Laboratory at Fort Wayne for the eval 
uation of polyester enameled magne 
wire for Class-B machines, since thi 
type wire apparently possessed great 
sensitivity to chemical interaction thai 
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res previously used. The test was 
rried out by sealing within a clean, 
ly bottle five samples (twisted pairs) 

the wire as well as a sample of the 
uaterial whose compatability with the 

ire was to be ascertained. This 
aled bottle was held for two weeks 

at 180°C. At the end of this time the 
bottle was removed, cooled, and 
opened. Hi-pot tests and dielectric 
brake-down voltages established the 
basis of comparison between new and 
previously employed insulations. The 
author points out that this test is severe, 
perhaps overly so. However, he feels 
it presents valuable information by 
merely a visual inspection of the wire 
enamel at the conclusion of the test. 
Tendencies to flake or to gum indicate 
deterioration. Sealing the twisted pairs 
with a small quantity of water makes it 
possible to determine hydrolytic  sta- 
bility (the ability to withstand mois- 
ture). Breakdown values after a two- 
week exposure period differentiate be- 
tween various wire enamels. 

Penn describes a simple screening 
test for comparison of compression 
creep. This test evaluates the use of 
sheet laminates under compression 
loading. Insulating washers, for exam- 
ple, must exhibit good 
creep qualities. In this test, the lami- 
nate in question is fastened into a com- 
pression washer. A number of such 
washers are mounted on a steel ring. 
The ring has many threaded holes into 
which the sample is bolted by means of 
a torque bolt and a compression washer. 
\ very specific amount of force is ap- 
plied to the bolt to tighten it down. 
A scribe line on the head of the bolt 
indicates the position of the bolt at 
start of the test. After heat ageing at 
various temperatures, and various stages 
of the ageing cycle, the samples are 
cooled to room temperature and torque 
is re-applied to its original value. In 
doing so the scribed line on the head 
of the bolt is displaced from its original 
position. The movement of the bolt, 
measured as an angle, becomes then a 
measure of the compression creep of the 
insulating laminate. 

For good accuracy the thread friction 
must be reduced as far as possible by 
working the bolt several times in its 
initial assembly and by lubricating it 
with some solid lubricant. Penn says 
that consistent and reproduceable re- 

ilts are easy to obtain, however. Valu- 
ble information on pre-baking and age- 

ig are likewise readily available direct- 
from this test. 

Bonding Strength — A simple screen- 
ig test for comparing the bonding 
trength of varnishes was devised, con- 
isting of dipping two rectangular 
lagnet wires into the varnish being 
hecked, overlapping the dipped ends 
or a distance of 1 inch, and holding 


compression 
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Design with versatile 
POLYPENCO:® Teflon’ TFE shapes 


Electrical Insulators 


POLY PENCO TFE insulators in coaxial cable 
connectors are chosen for insulation over a 
wide range of frequency, operable in temper- 
atures to 250°C. Permits small, lightweight, 
weatherproof design. 

(Photo courtesy Dage Electric Co., Inc.) 





Miniaturized High Voltage Transformer 
POLYPENCO TFEE tape, with high dielectric 
strength and exceptional heat resistance, per- 
mits miniaturization of high voltage trans- 
formers for airborne radar and other electronic 
applications 

(Photo courtesy Raymond Rosen & Co., Inc.) 





Take advantage of Teflon’s unique character- 
istics in your design. But don’t risk inferior 
quality. Specify POLYPENCO! Design and 
engineering help on any ircustrial plastics 
problems is as near as youi telephone—and 
yours without obligation. 


WRITE FOR BULLETIN BR-4 


The Polymer Corporation 
of Pennsylvania 


Reading, Pa. 


POLYPENCO’ 


UHF Insulating Support 
Engineers’ tests of available plastics materials 
covering usable temperature range, mechanical 
properties, thermal expansion, dissipation at 
UHF frequencies, and dielectric constant re- 
sulted in selection of FLUOROSINT® TFE- 
fluorocarbon composition for the grid flange 
clamp and feedback spacers on these S-band 
stable local oscillators. 

(Photo courtesy of Pitometer Log Corp.) 
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Antenna Coupler Bushing 

Eliminating excessive wear and withstanding 
300° F. temperatures, this antenna coupler and 
performance monitor with FLUOROSINT® 
TFE-fluorocarbon composition bearing solved 
several previous problems. Life tests indicate 
no noticeable wear. Since the coefficient of 
thermal expansion of aluminum and FLU- 
OROSINT essentially match, there is no move- 
ment of bushing in respect to aluminum 
housing 


(Photo courtesy of Bogart Manufacturing Corp.) 


+Du Pont Trademark 


Available-from Stock 
ROD 

Diameter: ” to 
TUBING 

O.D. YY” to 12” 

1.D. 4” to 6%” depending on O.D. 
SHEET 

Thickness: “se” to 2” 

Sizes: 12” x 12”, 24” x 24”, and 48” x 48” 
TAPE 

Thickness: .001” to .125” 

Widths: 44” to 24” 

Ten fade-proof colors 
SPAGHETTI TUBING 

AWG sizes 30 to 0 

Thin and regular wall thicknesses 

Ten fade-proof colors for coding 
THIN WALL TUBING 

[.D. 4" toi" 

Wall thickness: .030” to .050” 
ROUND AND SQUARE BEADING 

Round: Diam. .030” to .150” 

Square: .020” to .156” across the sides 

Rectangular and Square Bar also available 


714” in various lengths 


industrial plastics 
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Fig 4. Bond strength of a low tempera- 
ture-curing silicone varnish vs curing times 





as bronze || at 150, 200 and 250°C. 
riving paw 
GREATER EFFICIENCY ————— and stop 
flat phosphor bronze | these in intimate contact by means of 





a clip. The structure is then baked in 
a prescribed manner. This simple tech- 
molded nylon bobbin nylon ratchet and cam | nique permitted the making and testing 
of a large number of samples. A pull 
test is used as a measure of bond 


‘ a : strength. 
unique features of Guardian's Series 670 Statorette Tests —Statorettes have 


Impulse Relay insure trouble free operation well in | been described elsewhere in this pres- 
excess of one million steps. Each momentary impulse | entation. Discussing the usefullness of 
(up to 10 steps per second) causes relay to the statorette in evaluating ground in- 

sulation and varnish, Penn said that 
reverse its cam actuated contacts. Contact arrange- | samples prepared can be readily used 
ments up to D.P.D.T. and ratings to 1500 watts for testing of heat ageing, vibration and 
non-inductive, or up to 20 amperes locked motor | humidity effects. As screening pro- 

gresses, the number of candidates for 
current, motor load control on 115 volts, 60 cycles. each insulation function gradually nar- 
Coil voltages to 230 VAC or 110 VDC. rows so that later statorette designs are 
Applications include on/off control of lights, motors, built up from the best combinations of 
appliances and speakers, among others. 


return spring 






















positive non-jamming stop 





slot insulation and varnish determined 
_ from the previous tests. 

| By means of these screening tests, 
Write for information on these and other Guardian Controls Penn feels that a great deal of time 
and money will be saved in the prelim- 
| inary evaluation stage so that a much 
more detailed evaluation of the insula- 
tion system will be possible. 


| VARNISH EVALUATION 





In a paper “Evaluation Procedures 
Rotomite Series 2505 6 P.D.T. No. 24 A.C. for Electrical Insulating Varnishes”, C. 
Continuous Duty Stepper Hermetically Sealed Relay Midget Solenoid | F. Hofmann of Westinghouse Electric 
Corporation, East Pittsburgh, Pa., dis- 

cusses evaluation techniques which 


| GUARDIAN 1G] ELE c TRI c 2 been developed during the past 
| 













ten years by Westinghouse for selection 
MANUFACTURING COMPANY 


of Class-H insulating varnishes. The 
1562-B W. CARROLL AVENUE, CHICAGO 7, ILLINOIS paper includes a description of the test 
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mthods used in the evaluation. Hof- 
inn says that these methods can be 

\odified to include all classes of in- 

lating varnishes. The most important 
sharacteristics in selection of a varnish 

table for most insulation applications, 

says, include: 1. curing character- 
istics of the varnish, 2. thermal stability 
of the varnish, and 3. thermal stability 
of the varnish in combination with wire 
enamels. 

Curing characteristics. Two proced- 
ures are used to determine curing 
characteristics. The first involves the 
coating of steel panels with the varnish 
in question and examination for tacki- 
ness, lifting, and non-wetting properties 
after various curing conditions. The 
second procedure involves coating of 
wire coil specimens with the varnish 
and testing them for maximum varnish 
strength after various curing conditions. 

In the first test a series of panels is 
coated with two consecutive varnish 
coats in a prescribed manner. Enough 
panels are used so that curing cycles 
ranging from 1.5 hours to 72 hours at 
any recommended curing temperature 
are available. The cured, varnished 
panels are then tested for tackiness at 
25°C and 200°C by wiping the surface 
with a white cotton fabric. When 
properly cured, no fibers adhere to the 
surface. 

The panels are examined for lifting, 
a condition where the first varnish coat 
is insufficiently cured and is attacked 
or redisolved by the varnish solvents 
of the second coat. Lifting can usually 
be eliminated by increasing the curing 
time or temperature of the varnish. 

Non-wetting is usually caused by 
over-baking the first varnish coat and 
can usually be eliminated by reducing 
the curing time or curing temperature. 

A procedure is used to evaluate maxi- 
mum bond strength of the varnish in 
various curing temperatures. Standard 
helical coils are dipped in the varnish 
and cured under various conditions of 
time and temperature. The force re- 
quired to break these coils in flexure 
is called bond strength. 

Figures 3 and 4 show typical bond 
strength characteristics for silicon var- 
nishes after they are at various tempara- 
tures. Figure 3 shows a conventional 
silicon varnish requiring a rather high 
temperature cure. Figure 4 shows one 
of the newest silicon varnishes which 
nay be cured at low temperature. 

These test of curing characteristics, 
including tackiness, lifting, wet-ability 
aud bond strength, are taken together 

establish the best cure for a particu- 

t silicone varnish. By modification of 

mperature and curing conditions, this 

ocedure can be adapted to all classes 
insulating varnishes. 

Thermal Stability — Thermal stability 

a varnish film is obviously of high 
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assuring crack-free, peel-free service. Here’s proof! The photograph demon- 
strates the high tensile stress of conventional rhodium electroplate and the 
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analog measurements. 
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Fig 5. Relative thermal life of silicone 
insulating varnishes (curved electrode 
method-300v/mil). 


importance. Hofmann points up the 
utility of the suggested ASTM method 
for evaluation of thermal stability by 
the curved electrode method. This 
method incorporates such variables as 
weight loss, retention of flexibility, 
thermal shock and shrinkage into a use- 
ful test which yields reproducible ther- 
mal stability data. 

The test consists of measuring the 
electric strength of varnish to glass 
cloth panels using a curved electrode 
test fixture. Specimens are aged at 3 or 
4 temperatures depending on the class 
of insulation until the electric break- 
down strength increases to a specific 
value. Thermal life, or the number of 
hours for the electric strength to de- 
crease to the specified value, is plotted 
on a logarithm time scale as a function 
of the reciprocal of the absolute tem- 
perature, to produce a graph of the 
thermal stability of the insulating ma- 
terial. This procedure is readily adapt- 
able to measuring the relative thermal 
stability of the silicon varnishes. Var- 
nished glass-cloth panels are used and 
cured by recommended curing sched- 
ules described above. Hofmann employs 
ageing temperatures of 225, 250, 275 
and 300°C for evaluating Class-A var- 
nished, and electric breakdowns are 
determined at various intervals. He 
defines failure as the point at which 
dielectric breakdown value decreases 
to 300 v per mil. Figure 5 shows ther- 
mal life data for a-conventional silicon 
varnish and two low-temperature-curing 
silicon varnishes. 

Although the thermal stability of an 
insulating varnish is an extremely im- 
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Fig 6. Thermal life of an epoxy modified 

polyester wire enamel with various varnish 

treatments. 

portant factor, when the varnish is used 


in combination with other insulating 
material its thermal life can be either 
greater than or equal to or less than 
its uncombined life, which is merely a 
restatement of the importance of com- 
patability. Hofmann recommends AIEE 
No. 57, “Evaluation of the Thermal 
Stability of Enameled Wire” which has 
been widely and successfully adopted 
to determine the relative stability of 
wire enamels. Hofmann uses this pro- 
cedure as a measure of the compatabil- 
ity of insulating varnishes and wire 
enamels. 

Briefly this method consists of the 
ageing enameled wire twist specimens 
which have been treated with the in- 
sulating varnishes. At various intervals 
the specimens are removed from the 
ageing ovens and a specific voltage is 
applied. If the specimens do not fail 
they are returned to the oven for fur- 
ther ageing. When all the specimens 
have failed, the average life of each 
exposure temperature is calculated and 
plotted on a logarithm time scale as a 
function of the reciprocal and absolute 
temperature. The resulting straight line 
functions represent the thermal stability 
of a particular system and can be com- 
pared with other systems. Figure 6 is 
typical of the characteristics obtained 
in this manner. The author illustrates 
the compatability factor by showing a 
whole series of plots similar to those 
of Fig 6 in which various wire enamels 
ire used with an assortment of varnishes 
indicating the thermal life. 


Silicon Rubber Tapes 


The most important features of silicon 
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Stepless Control’s Power-Prop® is basically a power input 
control that will operate from any pyrometer with a pro- 
portioning D.C. voltage output signal. 
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the semiconductor industry. 
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rubber are its excellent thermal stability 
and electrical performance combined 
with seal-ability. R. S. Armstrong and 
R. A. Ward of General Electric Co., 
discuss in, “Silicon Rubber Insulation 
Systems and Processes”, the application 
of silicon rubber tapes with particular 
consideration of materials and processes 
necessary to fabricate a reliable insula- 


One of the most striking features of 
silicon rubber is its high moisture and 
environmental resistance which makes it 
possible to do away with expensive en- 
closures for equipment located in wet 
or dusty atmospheres or exposed out- 
doors. Use of reinforcing fabric in the 
insulation adds to mechanical strength 
and does not adversely affect perform- 
ance as measured by voltage endurance, 
corona spark voltage and insulation re- 
sistance data. Other excellent properties 
include ease of handling in a moldable 
semi-cured state and its suitability to 
the manufacture of void-free sealed sys- 
tems. Its principal deficiency is its 
relatively poor mechanical 
which has led to incorporation of rein- 
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FOR FAST, SIMPLIFIED 
TEMPERATURE MEASUREMENTS . . 


The RESCON 
THERMAL TEST SET 


A compact, portable unit for obtaining 
temperature measurements in electronic 
equipment — from the individual compo- 
nent to the package itself. Applications 
include: transistors, diodes, tubes, trans- 
formers, micro-miniature circuits, etc. 

Direct readings . . . no calibrations... 
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forcing fabrics in silicon rubber systems. 
An important consideration in silicon 
rubber systems is treatment and cure 
of the rubber for maximum chemical 
resistance and stability. Tapes recom- 
mended for reinforced systems should 
be partially cured and moldable. After 
vulcanization the sealed system is in- 
tegral with the rubber forming a con- 
tinuous cohesive mass through each 
tape layer. Systems reinforced with 
polyester glass fabrics stand consider- 
able distortion without damage. 
Discussing dielectric properties, basic 
characteristics of insulation systems, the 
authors point out there is a considerable 


spread in published data on reinforced 
and unreinforced systems. They inci- 
cate that for equivalent thickness: s, 
reinforced structures have a slightly 
lower short-time dielectric strength, 
However, of greater significance is thie 
ability of the system to withstand oper- 
ating voltage stresses over long periods 
of time and to have good voltage endur- 
ance. In Fig 7, the authors show that 
reinforced and unreinforced rubber sys- 
tems have equivalent voltage endurance 
life at voltages well above anticipated 
operating stress levels. 

The authors state that corona start- 
voltage level of typical reinforced sys- 
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durance of _ silicone 
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Figure 8 shows insulation resistance 
of various structures. All measurements 
were made on tape half-lapped over 
bare stranded wire built to a thickness 
of 60 to 65 thousandths inch, using 
semi-cured unreinforced tape or semi- 
cured polyester-glass reinforced tapes 
of different relative fabric ratios ex- 
pressed on a volume basis. Although 
the insulation resistance characteristics 
of the unreinforced rubber was obvious- 
ly superior, in all cases the insulation 
resistance was greater than 1000 
megohms. 

Figure 9 considers moisture sensitiv- 
ity from another point of view. The 
figure shows the power factor of a 
sealed polyester-glass reinforced taped 
structure as a function of exposure to 
humidity plus dew. At 100°F and 100% 
relative humidity, the power factor, ex- 
tremely sensitive to moisture content, 
increases slowly. Removal of the sam- 
ples left to humidity exposure followed 
by a baking at a 100°C restores the 
power factor to its original value. These 
data indicate that moisture absorption 
is a reversable non-degrading phe- 
nomenon and does not particularly af- 
fect performance at the normal operat- 
ing temperature of silicon insulation. 

Cure — A very simple type of curing 
process for silicon rubber insulation is 
application of a heat shrinkable tape 
as a source of pressure on top of the 
silicon tape. Parts processed in this 
manner can be over-cured in 15 to 30 
minutes at 150°C. At that time, the 
shrinkable tape is removed prior to a 
final baking operation. This procedure 
provides a compact vulcanized finished 
part. During the process sharp edges 
should be avoided where the excess 
pressure exerted by the shrinking tape 
tends to reduce the corner fitnesses. 
Chief advantage of this process is mini- 
mum equipment. High dielectric 
strength and good insulation resistance 
are achieved. 

The authors describe what they refer 
to as “fluid compacting”. Here, certain 
very hot liquids and gases under pres- 
sure are used to densify and cure silicon 
rubber. Latent heat in gasified liquids 
can also be used to advantage. This 
system permits uniform pressure appli- 
cation in relatively low cost processing 
equipment. 

The process requires exposure of the 
tape structure to 60 to 100 psi at 135 
to 160°C for a period of 10 to 20 
minutes, after which it must have a 
final bake for ultimate cure. The tape 
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PACKAGED 
PRECISION DRIVES 
e TIC Drives save time, trouble and money — elim- 


inate the need of procuring and assembling separate 
indicators, dials, knobs, gears, etc. And, with TIC 
Precision Drives you know you have a unit that will 
do the required job without a possibility of error. 
Use them with rotary components such as resolvers, 
synchros, potentiometers, inductors, capacitors, tuning 
coils, etc. 

e TIC packaged Precision Dual Speed Drives are manually 
operated or motor driven, precision gear reducers to pro- 
duce accurate shaft positioning with excellent readability. 
If your synchro, resolver, potentiometer or other rotary 
devices require precise positioning and readout, TIC Drives provide a complete 
package, including couplings and mounting hardware, to allow accurate and 
repeatable settings to within 1 minute of arc. 
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for —100° F to 500° F applications 


Select the right Temp-R-Tape for your job from a variety of types which combine 
some form of Teflon, Fiberglas or Silicone Rubber backing with a silicone polymer 
adhesive. Temp-R-Tapes possess high dielectric strength, thermal stability, excellent 
moisture resistance, non-aging characteristics and many other desirable properties. 


CLASS H INSULATION USES: slot lining; interlayer and interphase insulation; 
harness bundling; splicing; wrapping for microwave components, transformer coils, 
capacitors and high voltage cables. 


NON-STICK USES: non-stick facings for film guides in electronic instruments, heat 
sealing bars, forming dies, chutes, guide rails, etc. 


AVAILABLE FROM STOCK: 1/4” to 2” widths, 18 yd. and 36 yd. rolls and 12” 
width on liner by lineal yard. Sold through distributors. 
FREE SAMPLE and folder — write, phone or use inquiry service. 

ELECTRICAL AND INDUSTRIAL SPECIALTY TAPES 
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Could it be 
HIGH BLOOD 
PRESSURE ? 


Many men —and women, 
too—are asking themselves 
this question. 


If you think you have high 
blood pressure, see your 
doctor. Only he can tell. 


Thanks to recent medical 
progress, most cases of 
high blood pressure can be 
controlled. The danger of 
heart damage and ‘‘stroke’’ 
can be reduced with the 
help of new drugs and 
surgery. 


For medical advice, 
see your doctor. 


For more information, 
ask your Heart Association. 


For greater advances 
against heart disease, 
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| structure is readily protected by coat- 
ing it with some kind of dip coat or 
enclosing it in an encapsulating bag. 
| This helps maintain the pressure dif- 
| ferential required for cure and to pre- 
'vent impregnation by the pressure 
medium. Where configuration of the 
| insulated parts permits, conventional 
_molds or presses can be used to supply 
| the necessary pressure and heat for 
densification and cure. The authors 
| emphasize the importance of the final 
| baking operation to gain full inherent 
| thermal and environmental stability of 
the material. In Fig 10 they show the 
importance of this post-bake in relation 
| to the physical properties of the silicon 
| rubber. A final recommendation is to 
post-cure all silicon insulation at as 
high a temperature as practical, at least 
40°C. 


Pressure Sensitive Tapes 


In “Thermal Classification of Electrical 
| Pressure-Sensitive Adhesive Tapes”, 
Roger E. Hudrlik and Ward M. Hanson 
of Minnesota Mining and Mfg. Co. 
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Fig 10. Physical properties of silicone 


rubber aged in sealed system at 135°C 
vs post-bake temperature. 


present data on the high-temperature 
ageing characteristics of Class-A,-B, 
and-H pressure-sensitive tapes. Data is 
plotted as a semi-log plot against the 
reciprocal of the absolute test tempera- 
ture, to predict service life. 

In evaluating the tapes the authors 
considered both electrical and mechan- 
ical properties that may be functions of 
the adhesive or backing. The variables 
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Fig 11. Temperature effects on flex fail- 
ure. 


studied were adhesive shear strength, 
insulation resistance, electric strength, 
curved electric strength and MIT flex. 

To measure the holding power of the 
adhesive and to some extent the 
strength of the backing, adhesive shear 
strength was tested, which involved ap- 
plication of a 14” x 14” area of tape in 
contact with an ASTM steel adhesion 
panel. 

A new curved-electrode test devel- 
oped by ASTM in conjunction with 
sheet insulation tests midly flexes the 
aged sample. The authors expect this 
test will yield more practical values of 
insulation strength since some dynamic 
stress is always encountered in service. 
Three tests are carried out: insulation 
resistance, electrical strength, and 
curved electrical strength. 

From a purely mechanical standpoint 
the flex-test developed at MIT was em- 
ployed to check folding endurance of 
the material. In this test, standardized 
as ASTMD-643, a 14 inch-wide strip of 
tape is clamped in position and loaded 
in tensile with a 1.5 kgm weight. The 
machine then automatically bends the 
sample through an angle of 135 degrees 
in both directions from the zero-fold 
position until it breaks. The severity 
of the degree of flexing in comparison 
to the curved electrode test means that 
relatively-short test time is required. 

The authors conclude by pointing out 
the usefulness of the MIT flex-test as 
a means of predicting service life at 
high temperatures for thermosetting 
electrical pressure-sensitive adhesive 
tapes. Results are obtained relatively 
quickly that correlate well with field 
usage conditions. For materials with 
high initial flex life the failure criterion 
of 250 flexes correlates well with field 
experience. For materials with low 
initial flex life, 10% of the original cor- 
relates better with field experience. 
Figure 11 illustrates the kind of curves 
that may be plotted for predicting life 
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based upon flex failures. The numbers 
refer to specific varieties of tape by 
Minnesota Mining & Mfg. Co. 


Red-Hot Components 


L. F. Kilham of Raytheon Co., in a 
paper discussing the design of compo- 
nents for 500°C ambient operations, 
notes that there appears to be two 
distinct and opposite component design 
approaches to extreme high temperature 
equipment environments. The first ap- 
proach is the selection of suitable tem- 
perature resistant materials and the ap- 
plication of special techniques to design 
components to withstand the severe ex- 
tremes of temperature. The other ap- 
proach is the simple expedient of 
operating conventional components in a 
cooled atmosphere. The latter approach, 
Kilham believes, may inflict a penalty 
of an overall increase in size and 
weight. 

Kilham points out that the thermal 
endurance of organic insulation, limited 
by effects of oxidation and pyrolysis, 
has been the determining factor in the 
upper temperature limit of component 
operation. At high operating tempera- 
tures it becomes necessary to find in- 
organic substitutes for their more fa- 
miliar organic counterparts. 

Insulating materials suffer severe de- 
terioration at high temperatures. A plot 
of typical resistance values versus tem- 
perature (Fig 12) indicates that resist- 
ance values in the range of 1,000,000 
megohms at room temperature may 
drop to 100 megohms at 600°C. kil- 
ham attributes this drop to the fact 
that conductance in good insulators is 
mostly ionic and the mobility of ions 
increases with temperature. The pres- 
ence of alkali metal ions in glass is a 
contributing factor to its relatively poor 
insulating properties at high tempera- 
ture. 

The author describes a new type of 
flexible insulation, developed at Ray- 
theon, based on the bentonite clay film 
studies by Dr. Ernest Hauser of M.I.T. 
during the 30’s. To improve the tensile 
and tear strength of this clay film, a 
quantity of inorganic fiber such as glass, 
quartz, aluminum silicate or potassium 
titanate was added. A thin coating of 
silicone resin gives added strength. 
Films of five ten-thousandths of an inch, 
with breakdown voltage of 1500 volts 
per mil, have been made. Discussing 
the problems of obtaining a good in- 
sulating environment at high tempera- 
tures, Kilham states that most good in- 
sulating liquids at room temperatures 
do not remain in the liquid state at 
600°C or lose their good insulating 
properties. Of the few that meet the 
requirements, their thermal expansion 
is such as to make their use impractical. 
He points out that the packaging of 
ultra-high temperature components and 
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5 Year Guarantee 


/ 
HOWARD / 
MODEL | 
1085 
2 Pole, \ 
Unit Bearing 
FRACTIONAL 
H.P. MOTOR 


Available with Open or Closed Construction 
MOUNTING: From rear or by special pads on front. 
BEARING: Single, long-life, permanently lubricated . 


STATOR: Vacuum varnish impregnated coil on molded 
nylon bobbin. 


ROTOR: Dynamically balanced for ultra-quiet opera 
tion. 


ROTATION: Unidirectional (CW or CCW as specified). 


SHAFT-HUB: Assures positive and accurate location of 
connecting part (fan) which must run concentric. Can 
also be furnished with shaft extension from hub. 


HP: 1/750 to 1/185 INPUT WATTS: 8-30 
NO LOAD RPM: 3400 VOLTS: 

FULL LOAD RPM:* 115 ¥. GO cy. AC std. 
2600-3200 


*Lower full lead speeds also available. 
Send us your specifications or write for complete catalog. 


OwrreD ** 


HOWARD 





HOWARD INDUSTRIES, INC. 
1796 State St., Racine, Wisconsin 
Divisions: Electric Motor Corp., Cyclohm Motor Corp., 
Loyd Scruggs Co 
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APPLICATIONS 


SERVOS The highly linear output 
and wide speed range are ideal 
for velocity or integrating servos. 
Low driving torque permits its use 
as a damping or rate signal in all 
types of servos. 


INDICATING TACHOMETER Match- 
ing indicating meters available 
from stock in various speed ranges. 


| | 
| 
| | 
. | 
: | 
, | 
| | 
| 
| 
| | 
| 
| | 
| 
| | 
| | 
| | 
| | 
I | 
| 
| | 
| | 
| | 
| ! 
| 
| 
| 
| | 
| | 
| : 
| 
| | 
| SPEED TRANSDUCER Ideal for use | 
| as a speed transducer in connec- | 
| tion with fast-response direct-writ- 
ing oscillographs. | 
| ! 
| 
l | 
| 
| | 
| | 
| | 
| 
! | 
| 
| 
| 
| 
| | 
| 
| 
| 
| 
| | 
| 1 
| i 
| | 
| ! 
1 l 


FEATURES 
SIZE Miniature. Approx. Dia 1%” 


OUTPUT Various models with out- 
puts as high as 45 v/1000 rpm. 


LINEARITY Linearity from 0 to 
12,000 rpm is better than 1/10 of 
1% of voltage output at 3600 rpm. 


BRUSH LIFE Better than 100,000 
hours (10 years) of continuous 
operation at 3600 rpm. 


BIDIRECTIONAL OPERATION Out- 
put in either direction is held to 
a % of 1% tolerance. 


RIPPLE The rms value will not ex- 
ceed 3% of the d-c value at any 
speed in excess of 100 rpm. 


CONSTRUCTION Aluminum hous- 
ings with protective treatment; 
stainless steel shafts; fully shielded 
ball bearings; Mylar insulation. 


SINGLE UNITS FROM $24.50 
quantity discounts 

Our Engineering Test Report describ- 

ing performence characteristics, test 


procedures and test results, is avail- 
able at no charge, upon request. 


SEND FOR COMPLETE DATA 





Re) :t-MCi-laal- delele Malek Allelsal 


14736 Arminta St Van Nuys, Cal 
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1,000,000 
RESISTANCE VS TEMPERATURE 
FOR INSULATORS 
(MICA ,FIBERGLAS, CERAMIC) 
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Fig 12. Resistance vs temperature for 
insulators such as mica, fiberglas and 
ceramics. 
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Fig 13. Although several of the gases of higher dielectric value are stable at 300°C, 
at 600°C unfortunately these gases are thermally unstable. At 300°C, Perfluorethane 
appears to be adequately thermally stable and at 600°C it is necessary to use nitrogen 
at pressures as required to meet the dielectric requirements. These pressures may 
be as high as two to three atmospheres at room temperature. All containers used 
to enclose a dielectric atmosphere must be thoroughly tested against leaks and in 
large units have protective elements. It is common practice to use a Helium Mass 
Spectrometer to detect leaks in containers. Various protective devices, such as 
pressure or density switches, are used on larger units. 
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systems in a sealed inert gas atmosphere 
offers many advantages. Selected gases 
offer adequate dielectric protection as 
shown in the plot of Fig 13. 

The author characterizes adhesives 
and potting compounds as examples of 
materials which serve dual functions 
as insulators and structural members. 
As a result of recent developments, it 
has been determined that certain types 
of silicone resins which are unstable 
when exposed to air at temperatures 
above 250°C can be used in inert gas 
atmospheres up to 600°C. To accomp- 
lish this, the material must be degassed 
under vacuum at a high temperature 
following the usual 200°C cure. Weight 
loss when heated in vacuum at tem- 
peratures up to 600°C is in the order 
of 25%, as compare with 50% for the 
same resin heated in air, indicating that 
a large portion of carbon still remains 
in the molecule after vacuum treatment. 
Properly selected resins retain a large 
measure of their bonding strength, ex- 





hibit excellent electrical properties, and | 


can be operated for long periods at 


very high temperatures without further | 


degradation. By admixture with refrac- 
tory powders and inorganic fibers, 


potting compounds of zero shrinkage | 
and controllable porosity, resistant to | 


shock and _ vibration, 
pounded. 

The problem of high temperature 
wire insulation has not been completely 
solved, Kilham believes. A quick look 
at available high temperature insulated 
conductors shows present wires of fiber- 
glas served copper and silver, anodized 
aluminum and a variety of ceramic 
coated nickel clad copper wires. The 
glass served wire presents excellent 
performance at high temperatures but 
relatively poor space factor, Kilham 
contends. 
brought into focus when one realizes 
that a coil of #40 glass served wire has 
a copper volume of only 17%.” 

Anodized aluminum also has its dis- 
advantages, according to the author. 
The difference in coefficient of expan- 
sion of the insulation and the conductor 
gives rise to serious faults of the insula- 
tion under temperature changes. Its 
conductivity is only 61% of copper and 
its melting point is low at 650°C. 

He also points out that nickel clad 
wires, in the smaller sizes, show a con- 
siderable increase in resistance under 
high temperature conditions. This in- 
crease in resistance is due to the diffu- 
‘ion of nickel into copper with forma- 
tion of an alloy of high resistance. The 


may be com- 
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“This problem, he says, is | 
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PROTOTYPES AND SPECIALS 


IN A HURRY! 


COMMERCIAL AND 
MIL-T-27 A GRADES 


POWER TRANSFORMERS 


INDUCTORS 


SATURABLE REACTORS 
REGULATING MAGNETIC AMPLIFIERS 


e DELIVERY IN 1 WEEK. 


@ PERFORMANCE & PACKAGING 
to customer specifications. 


AUDIO TRANSFORMERS 


PULSE TRANSFORMERS 


@ VOLTAGES up to 5000 Volts. 


CHARGING REACTORS 


TRANSISTOR TRANSFORMERS 
STATIC CONVERTERS 


TYPES OF CONSTRUCTION 


OPEN 


CASED 
© MIL-T-27A QUALITY 
e HERMETIC SEALED 
® EPOXY ENCAPSULATED 


© INDUCTANCES up to 1000 
Henries. 


e ALL COILS are 100% vacuum 
impregnated and inspected to 
customer specifications. 


SEMI-CASED 

e@ MOST TYPES OF WIRE SIZES 
AND INSULATIONS are kept in 
stock as well as a FULL LINE 
OF STANDARD MATERIALS to 
provide designs to 1 kw at 

60 cps and higher power levels 

at 400 cps. 


MINIATURE AND SUBMINIATURE 


MANUFACTURERS OF MINISOURCE® 


MAGNETIC COMPONENTS Diudsievs 
=a ay Were me ketel-J-le)-)- uu -t2) 


VE PRESCOTT SIREET 


ROXBURY 19, 


MASSACHUSETTS 


Highlands 2-100 TWX RXBY 1267 


POWER SUPPLIES 





CIRCLE NO. 17 ON INQUIRY CARD 
67 
* 











PRECISION 
MANUFACTURING 
IS YOUR 
REQUIREMENT 


H.0O. Boehme, Inc. 


Designers and Manufacturers 


Communication Equipment 
Precision Electro-Mechanical 
Apparatus Since 1917 

915 Broadway 

New York 10, N.Y. 
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PERCENT EQUIVALENT CONDUCTANCE 


Ne- CLAD 
oo — 
[ ALL WIRES COPPER 
40 + | UNLESS OTHERWISE | ——— 
SPECIFIED 


10 20 2 30 35 4c 
AWG WIRE SIZE 


Fig 14. Curves show relative conductance (% conductivity 
relative to copper times the volume of metal divided by the 
total wire volume) for various wires. The term “double film” 
refers to conventional double organic film coated wire. The 
wire shown at the top, developed by the Industrial Components 
Div. of Raytheon, utilizes a technique previously used in the 
coating of tungsten filament wires. Because of its excellent 
space factor, commensurate with dielectric protection, Raytheon 
recommends this wire for use in inert atmospheres at tempera- 
tures up to 400°C. 
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Fig 15. Plot of radiation coefficient at ambient temperatures 
up to 500°C. Curves show that radiation heat transfer at 500°C 
is six to seven times as effective as at 100°C. Temperature 
gradients inside and outside the equipment container may be 
minimized by coating all surfaces with a high-emissivity finish. 
Natural metal oxide finishes provide some improvement in 
radiation, but a more effective method, applicable to stainless 
steel and nickel, is to immerse the metal in molten sodium 
dichromate at 400°C. This treatment yields a thermally and 
optically black surface coating which is resistant to corrosion 
at high temperatures. 
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present state-of-the-art of high tempera- 
ture conductors, as summarized by Kil- 
ham, is shown in Fig 14. 

A quick look at the magnetic ma- 
terials for use at high temperatures dis- 
closes that radical changes occur in their 
characteristics. Although core losses at 
the higher flux densities and high tem- 
perature decrease, the exciting current 
increases. As the temperature ap- 
proaches the Curie point of the core 
material, increase in current makes it 
necessary to lower the maximum flux 
density by about 15%. Interlaminar in- 
sulation resistance deteriorates severely 
at these temperatures. To offset this, 
a mil layer of inorganic insulation may 
be added. 

At elevated temperatures, various 
brazing techniques are utilized. At 
350°C, torch brazing is used while at 
600°C, heliare welding has been ap- 
plied. Various techniques for metaliz- 
ing high density alumina ceramic termi- 
nals have been used. Kilham feels that 
one of the most promising of these 
techniques is presented in an Air Force 
Contract AF19(604)-5706, by Austin 
King of the Industrial Components Div. 
of Raytheon. This technique utilizes a 
lithium-molybdenum salt solution and 
is said to offer the following advantages: 
¢ Lower firing temperature 
® Ability to metalize very small orifices 
* Excellent manufacturing control (by 
virtue of being a solution) 

Caution must be taken in the use of 
silver-containing brazing alloys in con- 
tact with ceramic members at high 
temperatures. Migration of silver along 
ceramic surfaces, under certain condi- 
tions, has lead to the formation of con- 
ducting films and growth of metallic 
whiskers on the ceramic surface. This 
situation may be corrected by using an 
alloy that doesn’t contain silver. 

Directly connected with high operat- 
ing ambient temperature components is 
their ability to transfer heat. In addition 
to having to withstand these high tem- 
peratures, Kilham notes, various com- 
onents such as magnetic components 
iave an additional temperature rise. 
Consideration of how this heat energy 
s transferred becomes an important 
tem. It is known that radiated heat 
aries as the fourth power of the abso- 
ute temperature and it is found that at 
00°C and above, radiation is the domi- 
iant method of heat transfer. Figure 
\5 gives plots of radiation coefficient at 


arious ambient temperatures up to 
100°C, 
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IMMERSION 


COChnic’s 
OROMERSE 


A neutral Immersion 
Gold for the production 
of 24Kt gold plates 
up to 10 millionths 
direct on copper, brass, 
nickel, iron, lead, 
and solder plates 


Technic<_ 


PO.Box 965 
Providence, | R.| 
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NEW INSULATIONS 


Among the new products announced at 
the Third Annual National Conference 
on the Applications of Electrical Insula- 
tion, the following were of particular 
interest to electromechanical engineers. 


High Temp. Magnet Wire 


A significant advance in the field of 
film coated conductors is the develop- 
ment of Allex, a Class 220C film coated 
magnet wire. Thermal life, (30,000 
hours at 240°C), measured by the 
AIEE #57 procedure, is said to far 
surpass that of existing film coated con- 
ductors. In addition to the thermal sta- 
bility which places Allex wire well 
above a Class H rating, the wire pos- 
sesses outstanding solvent resistance, ex- 
ceptional retention of dimensional sta- 
bility under pressures and the desirable 
electrical properties associated with 
other film coated conductors. 

Developed by the Magnet Wire Div. 
of Essex Wire Corp., Fort Wayne, Ind., 
Allex is available in round wire, in 
sizes ranging from AWG 4 through 16 
in single and heavy builds. Shaped 
wires in heavy builds are available in 
standard square sizes and on rectangu- 
lar conductors up through 100,000 
square mil cross section. 

The excellent thermal stability of the 
polymer should make it possible to re- 
duce the size and weight of motors, 
replacing bulky glass covered conduc- 
tors which have been a stumbling block 
to smaller designs on many units. The 
chemical resistance, coupled with its 
low weight loss characteristics at ele- 
vated temperatures, should make it 
suitable for encapsulated windings of 
all types and for hermetically sealed 
electronic equipment. It has been es- 
tablished by tests conducted in the 
hand tool motor field that Allex wire, 
used with Class A insulating materials, 
will operate for considerably longer 
periods of time under overload condi- 
tions with no drop off in electrical 
properties. 

Write No. 517 in Box on Inquiry Card 


“Teflon TE-9500” 


“Teflon TE-9500" FEP-fluorocarbon 
dispersion is a new experimental mem- 
ber of the family of Teflon fluorocarbon 
products developed by the Polychemi- 


cals Dept. of Dupont, Wilmington, De, 
It combines the processing advantag:s 
of both a low fluid viscosity and a low 
melt viscosity together with well-known 
chemical, electrical, and mechanical 
properties. This union of dispersion, 
melt flow, and end-product is expected 
to lead to many uses as a surface coat- 
ing and impregnant, particularly in the 
wire and cable field. 

In looking over the Conference litera- 
ture put out by the Polychemical Dept., 
we found, in their August issue of the 
Journal of Teflon, a very useful 2 page 
table of specifications pertinent to Teflon 
TFE resins or to items fabricated from 
these polymers. Specs include Mil, 
AMS & ARP, ASTM and NAS for fab- 
ricated shapes; film, tape and laminates; 
electrical insulation; hose; back-up 
rings; coatings; wire and cable. 

For more information on Teflon TE-9500: 

Write No. 518 in Box on Inquiry Card 


For your copy of Teflon Specification Table: 
Write No. 519 in Box on Inquiry Card 


High Temp. Laminates 


Four new industrial thermosetting lami- 
nated plastics, including a new high- 
temperature material, were exhibited by 
Synthane Corp., Oaks, Pa., at the con- 
ference. Synthane Grade AA-HT, the 
high-temperature laminate, has an as- 
bestos woven fabric reinforcement and 
a modified phenolic resin binder. This 
laminate demonstrates high bonding 
strength, good machinability and good 
dimensional stability when exposed to 
moisture. It is recommended for con- 
tinuous exposure up to 500°F. Tests 
indicate that this material retains 40% 
of its mechanical strength after expo- 
sure for 1,000 hours at 500°F. Syn- 
thane Grade FR-2, a flame-retardant 
plastic laminate, represents a new ad- 
vance in this type of material. This 
material is a paper-base laminate with 
a flame-retardant phenolic resin binder. 
It has all of the outstanding electrical 
properties of paper-base Grade XXXP, 
but may be punched at room tempera- 
ture and is self-extinguishing. Grade 
FR-4, a glass-fabric epoxy with flame 
retardant properties, was developed 
specifically for printed circuit and gen 
eral electronic component use. It has 
qualities similar to a general-purpose 
type of glass-base epoxy and to a high 
temperature type of glass-epoxy. It 
has extremely high mechanical strengtl 
at room temperature, good dielectric 
loss and dielectric breakdown properties 
under both dry and humid conditions 
Write No. 521 in Box on Inquiry Card 


Epoxy Glass Formed Wedges 


Inmanco, Div. of Insulation Manufac 
turers Corp., Chicago, IIl., announcec 
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STEP MOTOR 


BULLETINS 
DATA SHEETS 
APPLICATION | 


Just out! 


NEW 


DIGITORK is a totally new, completely 
digital torque-producing actuator that 
responds to discrete increments of 
motion — one step for each pulse. 


It is the first infinitely variable speed 
device capable of maintaining exact, 
constant speeds in frequency ranges 
from 0 to 3 kc. 


Learn how DIGITORK'’s unique stepping 
motor principle can solve your problem 
in precision control and power positioning. 
Write today. 


Digital motor 


e . 
of its kind! 
ONTHOLS COrRF _ Needham Heights 94, Massachusetts 
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can be controlled 
by a single handle 


with 
ESCO 
Type JM 
ROTARY 
SWITCH. 


Manufactured to 
BuShips drawing 815-1853019 
and Specification MIL-S-21604. 


@ Sections 
®@ Positions up to 12 

@ Action detent, 30° indexing 
@ Contacts _ break-before-make or make-before-break 
@ Rating 5 amp. 125 volts a-c at unity power factor 
@ Mounting back of panel 


For detailed information 
ask for Bulletin 22. 


up to 25 


ESCO oi: WEYMOUTH 


ELECTRO SWITCH CORP 
Weymouth (Boston 88), Massachusetts 
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How To Get Things Done 
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BOARDMASTER VISUAL CONTROL 


Gives you a Graphic Picture of your operations, 


spot-lighted in color. You See what is happening at 
a glance. Facts at eye level — saves you time, pre- 
vents errors. 


Simple, flexible — easily adapted to your needs. 


Easy to operate. Type or write on interchangeable 
cards, snap in grooves. Ideal for production, schedul- 
ing, sales, traffic, inventory, etc. Made of metal. 
Compact, attractive. 


Full price $49 50 with cards 


FREE 24-Page Illustrated Booklet AK-30 
Mailed Without Obligation 


GRAPHIC SYSTEMS, Yanceyville, North Carolina 
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LOOK TO THE MAN BEHIND 
THE MANUAL 


before 
you buy bearings! 
in the northeast 


DONALD J. KNIZAK MGR. 
Northeastern Regional Office 
New Hampshire Ball Bearings, Inc. 
Peterborough, New Hampshire 
Tel: WAlnut 4-3311 





HE HAS ANSWERS TO problems 
not covered by our 150-page 
manual. An Instrument Ball 
Bearing Engineer, he’s right in 
the middle of all new develop- 
i = ments pertaining to instrument 
DESier I bearings. He can help you save 
days-and dollars-on your de- 

sign projects. 


HE WANTS to see to it that our 
manual is owned by every 
qualified engineer, draftsman 
and purchasing agent in his ter- 
ritory. Do you have one? 


MANUAL 


NEW 
HAMPSHIRE /oALt BEARINGS, INC. 
PETERBOROUGH, N. H. 
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Nase 


VERNITRON 3-MINUTE CONTROL SYNCHROS 
DELIVERED ON REGULAR | 
PRODUCTION BASIS y , 60 & 400 CYCLE 


ALL SIZES — 11 through 23 

ALL TYPES — Transformers, Transmitters, Dif- 
ferential Transmitters — Thru-Bore & Standard 
ALL ENGINEERED & MANUFACTURED TO: 
MIL-S-2335 MIL-S-16892 FXS-1066 
MIL-S-12472 MIL-S-20708A 


+ 
' 




















ALL AVAILABLE WITH MAXIMUM ELEC- ! 
TRICAL ERROR OF +3 MINUTES! A maior ! 
break-through, made possible by VERNITRON i 
specialization in precision synchro component I 
design and manufacture. : WRITE, WIRE, PHONE 
! NOW for complete 
: price, delivery and 
i specification data; 
' ask for new 
Vernitron Catalog i 
ERNITROR Ci2iimcson | 
NAME IN PRECISION H 
ee vr ae SERVO COMPONENTS j 
127 Old Seven Rd., Carle Place, N. Y. @ Pioneer 1-4130 TWX: G-CY-NY-1147 } 
west Coast Plant: 1742 S. Crenshaw Bivd., Torrance, Cal.—FAirfax 8-2504 @ TWX: TNC-430) i 








FIBER GLASS TAPES 


for TOP PERFORMANCE AT LOWER COST 
© HIGH TENSILE STRENGTH 


PE LOR I a wy 


- For Coil Wrappers — Protective Coverings 
Conductor Insulation — Similar 
Applications in Electrical Apparatus 


ALSO AVAILABLE No, 112 HEAT CLEANED 


No. 114-139 “VOLAN” FINISHED TAPES 
FOR PLASTIC REINFORCEMENT 


. RUSCO Colored Center Stripe Tapes 
for identification. (any color) 





RUSCO -; ENGINEERED FIBERGLAS* 


FABRICS SINCE 1938 
*OWENS CORNING FIBERGLAS CORP 


THE RUSSELL MANUFACTURING COMPANY 


Diamond 6-7721 MIDDLETOWN, CONN. 
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a DIGEST 


a new addition to a family of wenger 
—a Class F temperature wedge made 
from epoxy glass laminate, in the recog- 
nized shapes of curve-formed and 
square-formed. Two wall thicknesses, 
0.020” and 0.025”, in a range of stand- 
ard sizes are available. The epoxy 
glass laminate’s high dielectric proper- 
ties are not lost in the conversion into 
wedge shapes. For example, the 0.20” 
thick material shows a typical dielec- 
tric breakdown short time of 50 kv; 
step by step 54 kv. Selection of the 
correct shape and size assures tight 
wedging that will be permanent over a 
wide temp. range. 
Write No. 522 in Box on Inquiry Card 


Mica Coil Forms 


Mykroy 1116, a special grade of glass- 
bonded mica which can be finished to 
10-18 micro-inches for smooth poten- 
tiometer coil forms, is available from 
Electronic Mechanics, Inc., Clifton, 
N.J. The smooth finishes of the mica 
allow tiny 0.0003” wires to be wound 
smoothly and evenly, so that a brush 
riding across the winding will not bump 
or chatter. Since the coefficient of 
thermal expansion of the glass-bonded 
mica is the same as that of stainless 
steel, the dimensions of the mandrel 
when subjected to high operating tem- 
peratures change equally with those of 
the wire. Mykroy 1116 withstands op- 
erating temperatures up to 1000°F and 
has excellent electrical characteristics. 
Write No. 524 in Box on Inquiry Card 


Insulating Tapes 


Of the several items announced by Per 
macel, New Brunswick, N.J., three ar 
of particular interest: A flat coppe! 
wire imbedded between polyester film 
so the wire is completely covered give 
moisture resistance, toughness, high 
edge tear resistance and flexibility 
Other materials such as silicones can b: 
used as the imbedment material. El 
6100 hi-temp reflective tape is a lami 
nation of aluminum foil and glass clot! 
with a pressure-sensitive silicone ad 
hesive. It is used on missile launchin 
cables as protection against the ex 
tremely high temperatures of _ blas 
flames on takeoff. EE 4716 polyeste 
Mylar film cable wrapping tape is a 
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% 
5 a. i 
2 IN 0.1% DC-IN DC-OUT 


De Ceducer VARIABLE RELUCTANCE 


TRANSDUCER 


f 


Series 400 


5 psi to 0 to 5 VDC 
5000 PSI output into 
TELEMETRY soaiter 


Differential 
absolute INDUSTRY greater load 
4000 ohms 


or gage AIRCRAFT nominal 
45 VDC MISSILES output 


max. input 
impedance 


MONROVIA, CALIF. 


—_- 
iJ NJ f 
cE | Tavis 1711 SO. MOUNTAIN AVE. 
\ i ENOINE ERIN 
i /) 
ss 


SEND FOR 
TAVIS IS A DIVISION OF EDCLIFF LITERATURE 
INSTRUMENTS, MANUFACTURERS OF 


A COMPLETE LINE OF AC AND DC TRANSDUCERS 
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Why 
SPIROL ‘; PIN 











to 


» 80% of spring pin applications only require Medium Duty 
SPIROL PINS, which cost less. 

2. Even the Heavy Duty SPIROL PINS in this socket-wrench 

universal joint don’t cost more than other types of spring pins. 

3. Assembly costs are lowered with SPIROL PINS! Just drill the 


hole (plus and minus tolerances allowed only by SPIROL PIN) 
and drive the pins—automatically or by hand. 


4. Medium and Light Duty SPIROL PINS replace more costly 
fasteners, even in materials where other spring pins cannot 
be used. Come in Miniature Diameters, too: 1/32" to .052". 


| 





ONNECTICUT 


Write for free TECHNICAL DATA 
MANUAL. Free samples for 


NGINEERING & : 
specific applications. 


Ne i CC. E. M. COMPANY, INC. 

URING 

OMPANY, INC 44 School Street, Danielson, Conn. @ PRescott 4-8571 
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NEW 
HAM PSHIRE /oALL BEARINGS, INC. 
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Breaking the 
speed barrier! 






Oil-impregnated phenolic retainers 
in MPB's series M and FM (flanged) 






high-speed miniature instrument 






bearings mean maximum lubricant 






retention, long service life at speeds 
of 300,000 RPM or higher. For details 


on this series, write Hank Eckert at 








Miniature Precision Bearings, Inc., 






122 Precision Park, Keene, N. H. 






Helps you perform miracles in instrumentation 
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before 
you buy bearings! 





in the east 


SIDNEY J. GOODRICH MGR. 
Eastern Regional Office 
New Hampshire Ball Bearings, Inc. 
61 Cutter Mill Road 
Great Neck, New York 
Tel: HUnter 2-8633 

























HE’LL BRING YOU up to the min- 
ute on new developments not 
covered by our 150-page man- 
ual. An Instrument Ball Bear- 
ing Engineer, he’ll help you 

DESIGN select the type and size of bear- 
RCoHASING F ing that will deliver top per- 
a formance. Try him and see. 


HE’LLSEND YOU our manualif you 
already don’t own it. It belongs 
in the files of every qualified 
engineer, draftsman or pur- 
chasing agent. 


PETERBOROUGH, N. H. 
CIRCLE NO. 63 ON INQUIRY CARD 
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extremely thin tape with high dielectric 
strength, excellent insulation properties, 
low moisture-vapor permeability, high 
heat resistance and high elongation. 
Write No. 525 in Box on Inquiry Card 


Phenolic Laminate 


Insurok T-777 is a paper-base, phenolic 
laminate with exceptional flame-retard- 
ant characteristics. Introduced by the 
Richardson Co., Melrose Park, IIl., it 
is immediately available copper-clad or 
non-clad. The company rates the ma- 
terial as self-extinguishing with zero 
inches burning distance. 
Write No. 526 in Box on Inquiry Card 


Silicone Varnish 
A new Class H varnish that cures at 
150 C in just six hours was announced 


by Dow Corning Corp., Midland, Mich- 
igan. Designated Dow Corning 981 


SENT UPON REQUEST 


Varnish, the new material is as easy to 
process as most Class A and Class B 
varnishes, thus eliminating the need for 
high-temperature curing ovens in pro- 
ducing Class H electrical equipment. 
It meets AIEE requirements for both 
180C and 220C systems. Extensive 
tests indicate that despite the lower cur- 
ing temperature — 50C below that re- 
quired for most other silicone varnishes 
— the 981 varnish has greater heat sta- 
bility than any other varnish known, 
according to the company. Run-off is 
also substantially lower than that for 
other varnishes, assuring appreciable 
savings in reduced waste, equipment 
maintenance and clean-up time. 
Write No. 520 in Box on Inquiry Card 


Paper-Nylon Laminate 


For use as electrical insulation in her- 
metic applications, a laminate of 100% 
rag paper and nylon was developed by 
Rogers Corp., Rogers, Conn. The nylon 
film is extruded directly onto the paper 
in a molten state, eliminating the need 
for an adhesive and thereby reducing 
toluol extractibles. Test values for a 
sheet 0.010” thick with a 0.005” nylon 
film show a tensile strength of 144 psi 
in machine direction, electric strength 
of 1120 vpm, a film-paper adhesion of 





2.25 Ibs. per 3” width, Elmendorf te. 1 
of 990 gm in machine direction ar } 
1120 gm in cross machine directio:. 
Also revealed by test data is the fa 
that the elongation of the nylon do 
not have sufficient time to make itse'f 
noticed under rapid loading, and ac- 
vantage in high speed automatic wirin 
Write No. 533 in Box on Inquiry Card 





WORTH FILING 





Nameplates 


An extensive variety of nameplates ad- 
here permanently to any _ surface. 
Select from three types of pressure sen- 
sitive backing: heat or solvent applied; 
pressure applied; and water applied. 
Unrestricted choice of size, shape, and 
color and choice of 8 type faces are 
available. The nameplates meet the 
weather, salt-spray abrasion and temp. 
requirements of applicable mil specs. 
Full catalog available. 

Source: Anodyne, Inc. 

North Miami Beach, Fla. 
For Your Copy: Write No. 818 on Inquiry Card 


MOSINEE Seven-O-neutral papers 


for metal wrapping 


®@ Chemically inert, noncorroding on contact—flat 
or creped. 





®@ For interleaving metals and wrapping aircraft, 
automotive, electronic, missile components, etc. 

® Effective as an intimate wrap for steel, copper, 
nickel, tungsten, aluminum, silver, brass, manga- 
nese, zinc, cadmium and other metals. 

®@ Ideal for packaging products for long-term stor- 
age and overseas shipments. 

® Meets requirements under Military Specification 
MIL-P-17667A. 

s © Uniform quality—from roll to roll . . . from car- 


load to carload. 


Formulas 


Applications 
Engineering Data 


Screw Torque Data 


pa /SIurtevans /co 
ADDISON [QUALITY] 1. LINOIS 


Manufacturers of over 85% of the torque wrenches used in industry 
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Adapter Problems 
General Principles 


DATA FILE plus a 


“PAPER TERMS" DICTIONARY 


MOSINEE 


PAPER MILLS COMPANY 
Mosinee, Wisconsin Write Dept. EMD-2 
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New Components For 
Electromechanical Systems 


Differential Amplifier 


Ail-solid state differential operational 
amplifier contains neither tubes nor me- 
chanical choppers; it is a true de differ- 
ential amplifier whose input is entirely 
“floating” and yet has a long term drift 
stability in the sub-millivolt region. Its 
typical input current is well under 0.1 
millimicroamp, thus making possible 
its use in long time-constant integrating 
circuits using small polystyrene capaci- 
tors (R = 10 Mohm, C = 0.lpf for 
a | sec integrator) or its use in electrom- 
eter type amplifier circuits. There is 
no limit on the size of a common mode 
signal save the dielectric strength of the 
insulating materials. Aside from the 
usual operations of addition, integra- 
tion, differentiation, scaling, and inver- 
sion, its differential inputs make possi- 
ble high impedance voltage following 
and amplification, direct subtraction, 
and precise current driving to grounded 
loads, as well as a host of mono-, bi-, 
un-, and conditionally stable applica- 
tions. George A. Philbrock Researches, 
Inc., Boston, Mass. 
Write No. 477 in Box on Inquiry Card 


Rotary Switches 


Capable of withstanding a 1,200-volt 
dielectric surge and designed for a 
40,000 cycle minimum. life, detent- 
action switches rotate 360 deg. in either 
direction, or can be set for any number 
of eight positions. Molded from a min- 
eral glass alkyd material, units are said 
to have good heat resistance properties, 
dielectric strength and high resistance 
to arc, impact and shock. Standard 
Electrical Products Co., Dayton, Ohio. 
Write No. 314 on Inquiry Card 


Multi-Point Temp Control 


Temperature controller provides accu- 
rate automatic two-position control for 
up to ten separate processes. Instru- 
ment can also be used as a single point 
controller, five-point three-position con- 
troller and manual-balance indicator. 
Any points not being used for control 
of a multiple-temperature process can 
monitor other processes. Accuracy: 
0.5% of range. Thermo Electric Co., 
Inc., Saddle Brook, N. J. 


Write No. 491 in Box on Inquiry Card 


Tunnel Diode 


Called the “Uni-Tunnel” diode, a semi- 
conductor device combines high effi- 
ciency performance at low voltage lev- 
els with extreme temperature stability 
over a wide temperature range. The 
ability of the diode to operate efficient- 
ly at low voltage levels eliminates the 
complex circuitry previously required 
for low-level operations. The device 
utilizes the tunneling effect to provide 
high forward conductance at very low 
voltage levels, When biased in the re- 
verse direction, the familiar tunnel 
diode current characteristic appears as 
a leakage current of micro-amp magni- 
tude. Hoffman Electronics Corp., Los 
Angeles, Calif. 
Write No. 682 in Box on Inquiry Card 


Printed Circuit Modules 


Providing maximum circuit board area 
in a given space, printed circuit mod- 
ules are constructed of crossed boards 
interlocking to form a column. End 
plates may also be printed circuits and 
can carry tube sockets or transistors and 
plug-in connectors. The structure can 
be made in a wide variety of shapes 
and sizes including a sub-miniature ver- 
sion about 3@ sq in. Arthur Ansley 
Manufacturing Co., New Hope, Pa. 
Write No. 486 in Box on Inquiry Card 











NEW VARIABLE SPEED CATALOG 


Here’s all you have to know about fhp variable 
speed. Explains the Zero-Max principle with pic- 
tures and diagrams of uses. Describes over 30 
basic models and types of Zero-Max drives which 
deliver 0 to 1200 rpm and up to 450 in. lbs. torque. 
WRITE FOR YOUR FREE COPY TODAY! 


Th ZERO-MAX company 


2897 Harriet Ave. S., Minneapolis 8, Minn. « TAylor 7-5521 


coneters 
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THE MANUAL 


before 
you buy bearings! 
in the central states 


ALFRED J. CAPELLI MGR. 
Central Regional Office 
New Hampshire Ball Bearings, Inc. 
566 Northwest Highway 
Des Plaines, Illinois 
Tel: VAnderbilt 7-6646 


HE’LL TELL YOU what our 150- 
page manual can’t. An Instru- 
ment Ball Bearing Engineer, 
he’s ready to help you design 
around standard types and 
sizes to speed your new develop- 
ments and cut your costs. He 
can also consult on the design of 
special bearings. 


HE’LL BE GLAD to send you our 
manual if you don’t already own 
it. It’s now in the hands of more 
than 50,000 qualified engineers, 
draftsmen and _ purchasing 
agents. Want one? 


NEW 
HAMPSHIRE /eALL BEARINGS, INC. 
PETERBOROUGH, N. H. 
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Frequency Standards 


Transistorized, low-cost frequency 
standards provide outputs of 5 Mc, 1 
Mc and 100 ke for use in frequency 
control systems. Precision-engineered 
unit offers stability of +5 parts in 
10° per day. An emergency battery 
source with automatic switch-over en- 
ables continuous operation during line 
failure. Manson Laboratories, Inc., 
Stamford, Conn. 
Write No. 418 in Box on Inquiry Card 


Oscilloscope 


Operating with low-cost signal-amplifier 
and time-base plug-in units and basically 
an indicator, an oscilloscope contains a 
5-inch crt with 3.5 kv accelerating po- 
tential, an 8x 10 cm viewing area, an 
aplitude and sweep-time calibrator, and 
a regulated 30 watt de power supply. 
The indicator accepts any two of four 
presently available plug-in units—which 
drive the crt deflection plates directly. 
Dimensions 13% in. high x 9% in wide x 
21% in. deep. Weight: less than 27 Ibs. 
Tektronix, Inc., Beaverton, Oregon. 
Write No. 411 in Box on Inquiry Card 


Resonant Reed Relay 


New self-holding relays are said to 
reduce the cost of a system in two 
ways: They selectively provide posi- 
tive contact without the use of auxiliary 
holding relays and other components 
required by typical remote control sys- 
tems; and the broad bandwidth re- 
sponse allows use of increased drift 
characteristics in the transmitted fre- 
quencies, thereby reducing transmitter 
costs. Self-holding feature eliminates 
the vibrating, intermittent contact of 
conventional designs. P. R. Mallory and 
Co., Du Quoin, Il. 
Write No. 451 in Box on Inquiry Card 


DC Power Supplies 


Designed and tested to meet perform- 
ance specs under the “worst possible 
combination of component character- 
istics,” a power source supplies con- 
tinuously variable de voltages, (0 to 
50 v range) from 105 to 125 v single- 
phase, 48 to 62 cycle ac input. Units 
with either 0.1% or 0.01% regulation are 
available. Max output current: 2, 5, 10 
or 15 amps. A new mechanical design 
enables any component to be reached 
without unsoldering a single connec- 
tion. Consolidated Avionics Corp., 
Westbury, N. Y. 
Write No. 476 in Box on Inquiry Card 


76 


DC Amplifiers 


Utilizing “driven shield” techniques to 
block out spurious signals, amplifiers 
attain common mode rejections of 120 
db from de to 1.5 ke and 140 db at 
60 cps. Units amplify low-level trans- 
ducer signals over the dc to 10 ke fre- 
quency range and serve as an all- 
purpose laboratory instrument. Output: 
200 ma peak-to-peak and 20 volts peak- 
to-peak; recovery time: less than one 
second for 10 times full scale overload. 
Consolidated Electrodynamics Corp., 
Pasadena, Calif. 
Write No. 326 in Box on Inquiry Card 


Feed Thru Terminal 


Miniature terminals secure directly to 
panel assemblies by means of an in- 
tegrally molded threaded body. Flats, 
which form part of the integral mold, 
make it easy to insert the threads into 
an assembly with either an automatic 
or manual coupling drive. The tin- 
plated bras rod of the terminal con- 
forms to QQ-B-626 and HP4-14 and 
has contoured soldered pot flats on 
each end which are precision oriented 
and burr free. They are designed for 
tie points, insulators and wire termin- 
uses and many other applications. 


Whitso, Inc., Schiller Park, Ill. 
Write No. 321 in Box on Inquiry Card 


Self-Locking Synchro Clamps 


Half turn of a screw locks and unlocks 


synchro clamps; integral stops enable 
settings to be felt. Therefore, they re- 
quire only screwdriver access to release 
a component, resulting in smaller pack- 
aging of servo assemblies. Without 
loosening or failing, the clamps under- 
went 30 hrs of vibration at 5 to 2000 
cps and up to 30 G’s acceleration. 
Timber-Top, Inc., Freeport, L. I., N. Y. 
Write No. 464 in Box on Inquiry Card 


Synchronous Motors 


Measuring only 0.960 inch in length, 
hysteresis synchronous motors provide 
constant speed drive for computers and 
navigational devices meeting MIL-E- 
5272, units pull-in torque is 0.025 oz. 
in. Kollsman Motor Corp., Dublin, Pa. 
Write No. 311 in Box on Inquiry Card 


Standoff Terminals 


A midget standoff terminal features a 
turret stud with teflon body for “press- 
fit” installation. Overall length: 0.296”; 
the brass soldering lug measures 0.156” 
long, the through-chassis teflon body 
is 0.148” in dia, with a 0.172” dia 
shoulder for chassis support. Sealectro 
Corp., Mamaroneck, N. Y. 
Write No. 385 in Box on Inquiry Card 


Terminal Block Connectors 


Claimed to cut average wiring time 
75%, screwless, lugless and positive 
locking, terminal block connectors en- 
able wires to be connected or discon- 
nected with only a 4 turn of a screw 
driver. It requires no special tools or 
parts. These cam action block connec- 
tors may be used in most types of elec- 
tronic and electrical equipment, includ- 
ing aircraft, automotive, marine, and 
military products, appliances, and light- 
ing equipment. Camblock Corp., Na- 
tick, Mass. 
Write No. 344 in Box on Inquiry Card 


Low-Torque Potentiometers 


Producing a torque of 0.003 oz-in. to 
0.025 oz-in. and measuring 1 inch in 
dia by 1.31 inch in length, new preci- 
sion potentiometers weigh only 0.6 
ounce. They accurately divide an elec- 
tric current or voltage in proportion to 
shaft rotation up to 354 Linear and sin- 
cos functions and useful angles in a 
toroid form up to 360 can be provided. 
Units withstand vibrations to 1000 cps 
at 10 g and meet Mil-E-5272, Proce- 
dure II, without altering output accu- 
racy. Precious metal resistance elements 
ranging from 100 to 100,000 ohms 
hold noise to a minimum. Giannini 
Controls Corp., Duarte, Calif. 
Write No. 420 in Box on Inquiry Card 


Vane-Axial Blower 


Designed to meet Mil-E-5272A en- 
vironmental conditions, compact blow- 
ers deliver from 275 to 550 cfm at static 
pressures of 7.5 to 1.5 inches of water 
(standard density). They may be sup- 
plied with either 400-cps ac or dec 
motors. Developed specifically for 
aviation and electronic instruments and 
equipment, the cooling units weigh 714 
Ibs and are 5.75” long and 7.54” in dia. 
Torrington Mfg. Co., Torrington, Conn. 
Write No. 349 in Box on Inquiry Card 


Centrifugal Blowers 


Delivering 2000 cfm at 11” H.O, a 5 
hp, 3’ high blower is designed for con- 
tinuous duty. It operates from a 3 
phase, 220 volt, 60 cycle source at a 
speed of 3450 rpm. Drawings and 
curves are available upon request. IMC 
Magnetics Corp., Maywood, Calif. 
Write No. 458 in Box on Inquiry Card 


Military Mesa 


New mesa transistor is said to represent 
the first ultra-high-speed germanium 
switching transistor to be so classified 
by the military. Price: $11.00 in quan 
tities of 100 or more. Motorola Semi- 
conductor Prods. Inc., Phoenix, Ariz 
Write No. 468 in Box on Inquiry Card 
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For Your 3-Ring Binder 


NEW DATA SHEETS 


lost of these data sheets contain complete specs, mounting configura- 
ions and other important details associated with the application of 
the products described. For your free copy of the data sheets listed 
nm this page, enter the appropriate number of the item on the Inquiry 








Magnetic Amplifiers 919 


With thermocouple, strain gage, photocell or 
other low level inputs, 400 cps amplifiers can 
deliver O to +5 volts output into a 50K load 
at accuracies of 0.1% in a single stage of 
amplification. Applications include linear ampli- 
fication, null and error detection, summing with 
electrical isolation, integrating, microvolt and 
microampere measurement. Typical circuit con- 
figurations with associated quantitative prob- 
usefulness. 


ems illustrate amplifier’s Airpax 
Electronics Inc., Fort Lauderdale, Fla. 
Precision Potentiometers 901 


Resistance values for multi-turn potentiometers 
range from 5 to 200,000 ohms with standard 
linearity tolerances to 0.3%. For single-turn 
units, values range from 5 to 150,000 ohms 
with standard linearity tolerances to 0.2%. 
Sizes available vary from V2" to 3” dia. Six 
data sheets give applicable mil specs and en- 
vironmental data. Lockheed Electronics Co., 
Los Angeles, Calif. 


better than two 


OPTEL HLS-20 Photoelectric Pick-up 


One single package includes lamp, power supply, 
transistor amplifier, and photocell. Light travels out 
and back through one lens on one beam path. Plug 
into line current and you're set up for speed meas- 
urements, linear or rotational, to 100 KC. No more 
no magnetic interference or 
weighting of shafts with gears. HLS-20 works from 
light-dark contrasts or reflecting tapes to produce 
reliable results on your electronic counter. 


alignment problems, 


Proof? Write to 


Presin Company, inc. 


sees... 








Variable Resistors 927 


Six basic types and 60 models of linear motion 
variable resistors come in both wirewound and 
composition types which are covered with 
printed circuit and Teflon leads. Design of the 
contact arm, wiper carriage and constant torque 
adjustment screw result in an electrically stable, 
smooth, noise free unit capable of operating 
under severe requirements. Centralab, Mil- 
waukee, Wis. 


XY Plotters 946 


Designed for plotting data from digital and 
analog computers and for plotting tracking 
data from missile-range instrumentation  sys- 
tems, transistorized XY plotting boards contain 
electroluminescent panels for glare free back- 
lighting. These 30” x 30” units, with both 
single and dual arms, operate in any position, 
horizontal to vertical. Four hundred cp servo 
motors and amplifiers provide high accelera- 
tions and terminal velocities. Computer Sys- 
tems, Inc., Monmouth Junction, N. J. 








2014 Broadway, Santa Monica, Calif. | 
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MANUAL 


Parametric Diodes 920 


Voltage variable capacitance and high Q of 
parametric diodes permit their efficient use as 
harmonic generators, reactance tuners, fractional 
milli-micro-second switches out of avalanche, 
modulators, demodulators and all other func- 
tions associated with the class of variable re- 
actance devices. For parametric amplification, 
the potential difference across the diode varies 
from —4.5 volts to +0.4 volts to cause a 
4-to-1 swing in capacitance without drawing an 
excess of 5 microamps. Other typical values 
include: cutoff frequency of at least 150 KMC; 
at S-band using a 2800 Mc signal, an 11,200 Mc 
pump, a gain of 17 db with a 1.3 db noise 
figure is standard. At X-band, using a 9800 
Mc signal and a 19,600 Mc pump, a gain of 14 
db with a 1.5 db noise figure is standard. Semi- 
conductor Devices, Inc., Newport Beach, Calif 


Miniature Servo-Accelerometer 929 


Completely contained in a hermetically-sealed 
cylinder only 2” long and 1” in dia. are all 
the electronic, electrical and mechanical ele- 
ments of a closed-loop force balance system. 
An output of 0.2 mA/g is delivered over a 
+20 g range (special to +100g’s) with a 
linearity and null stability exceeding 0.001 g’s 
Kistler Instrument Corp., N. Tonawanda, N.Y 


Synchro Control Transformers 904 


Four technical data sheets cover 17 synchro 
control transformers. Electrical performance 
characteristics, performance at temperature ex- 
tremes, average mechanical characteristics and 
phasing are given in detail. John Oster Mfg. 
Co., Racine, Wis. 


LOOK TO THE MAN BEHIND 


THE MANUAL 


before 
you buy bearings! 
in the west 


THEODORE KANELL, MGR. 
Western Regional Office 
New Hampshire Ball Bearings, Inc. 
1540 No. Highland Avenue 
Hollywood 28, California 
Tel: HOllywood 4-0208 


HIS JOB STARTS where our 150- 
page manual stops. He’s an 
Instrument Ball Bearing Engi- 
neer. He’s a good man to talk 
with before your designs are 
frozen. Maybe he can save you 
time and money. It costs noth- 
ing to find out. 


n 


HE'S ALSO THE MAN to contact 
if you don’t already own our 
manual, the nearest thing to a 
textbook on miniature and in- 
strument ball bearings ever 
published. 


NEw 
HAMPSHIRE 


BALL BEARINGS, INC. 


PETERBOROUGH, N. H. 
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Inductors 909 


High-Q fixed inductors with extreme stability 
under temperatures from — 55 to 375C exhibit 
excellent inductance and Q over range of tem- 
perature up to 500C intermittent operation with 
good retrace characteristics. Unit is completely 
inorganic, employing one piece construction 
for reliability and compliance for Class C opera- 
tion under MIL-C-15305-A. Nytronics, Inc., 
Berkeley Heights, N. J. 


Electronic Ceramics 922 


Miniature ceramic devices include memory cores 
beginning at 0.030 inch dia.; cup cores to spe- 
cified inductance recording heads; poly-crystal- 
line yttrium-iron garnets with minimum line 
widths and loss tangent; and high “Q” mate- 
rials for use as inductors, tuning slugs and 
transformers with frequency ranges from 1 to 
50 Mc. Lockheed Electronics Co., Los Angeles, 
Calif. 


Printed Circuit Boards 921 


Having parallel etched copper circuits terminat- 
ing in connector fingers, boards eliminate initial 
tooling and art work costs, save board space 
and assembly labor, standardize board size, 
and provide an economical packaging methods 
for quantities up to 5,000 units. Made of a 
paper base epoxy, they suit standard or modi- 
fied connectors. Elgin Laboratories, Inc., Water- 
ford, Pa. 


Microminiature Relays 902 


Incorporating a configuration in which the 
terminals project from the side instead of the 
end, a relay is said to be the only one with 
this style to employ a rotary relay motor. The 
relay mounts on the side with greatest area 
which improves vibration and shock character- 
istics of circuit boards. Release time: 5 msec 
max. Pick-up time: 5 msec max at nominal 
coil voltage at 25°C. Shock: 150 G, 11 msec. 
Filtors, Inc., Port Washington, N. Y. 


Silicon Diodes 903 


New industrial and military medium power 
silicon diodes include: diffused junction silicon 
general purpose diodes; silicon double anode 
(twin Zener) diodes, and diffused junction 
silicon Zener diodes. Three data sheets show 
the diodes in round and hexagonal axial lead 
package configurations. Charts and curves il- 
lustrate operational characteristics. Controls 
Co. of America, Tempe, Ariz. 


Fused Quartz 


906 


Precision fabricated, micro-fused quartz of op- 
tical quality is available from stock for service 
in critical infrared systems, microwave equip- 
ment and numerous other analytical applica- 
tions. Special shapes, sizes and thicknesses can 
also be obtained with precision drilled “‘chip- 
free’ holes and notches according to specs. 
The leaflet includes an easy-to-read table on 
the physical properties of clear fused quartz. 
Dell Optics Co., Ltd., West New York, N. J. 
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DC Power Supplies 945 


Providing regulation of 0.1% or 10 mv, with 
virtually negligible ripple, transistorized power 
supplies have continuously variable current 
limiting, two panel meters for full-time (no 
switching) voltage and current monitoring, and 
calibrated main and vernier dc output con- 
trols. They may be remotely programmed. 
Three models are offered: 0 to 100 v at 100 
ma, 0 to 36 v at 200 ma and O to 18 v at 
1 amp. Electronic Measurements Co., Inc. 
Eatontown, N. J. 


One-Half Inch Square Trimmer 944 


Containing a lead screw adjustment which of- 
fers accurate calibration or trimming over 
16200° or 45 turns, a tiny wirewound trimmer 
features rugged construction designed to with- 
stand severe environmental conditions. The 
black anodized, precision machined housings 
stack ten to the cubic inch of space. Standard 
resistance range: from 50 ohms to 50 K ohms, 
with other values on special order. Resistance 
tolerance: +5%. Technology Instrument Corp., 
Franklin Park, Ill. 


Servo Development Kit 930 


Consisting of a permanently packaged group 
of standardized servomechanism components, a 
servo kit enables the assembly of virtually an 
unlimited variety of mechanisms and gear 
trains. It enables the servo designer to prove- 
out tentative designs with a low inertia mech- 
anism closely simulating the final production 
unit — and from parts available from his own 
stockroom. Precision Mechanisms Corp., East 
Meadow, N. Y. 


DC Motor 910 


Features of a 1” dia, battery operated type 
HYQM motor include: high efficiency; low 
current drain; square brushes with pigtail con- 
nections; and standard self-aligning sleeve or 
ball bearings. Specs: 4.5 to 30 v dc; 1,500 to 
5,000 rpm (governed); 0 to 0.20 oz-in torque; 
clockwise or counterclockwise rotation; and 
ambient temperature to 200°F. Barber-Colman 
Co., Rockford, Ill. 


Sub-FHP Gearmotor 912 


With precision cut gears and oil impregnated 
bronze bearings, four pole, shaded pole motors 
designed for continuous duty, operate at low 
speed assuring quiet and long life. Units avail- 
able in sizes, 1/30, 1/60 and 1/100 hp and 
in nine speeds from 1 to 200 rpm. Motors are 
approx. 6” long and 4” in dia and weigh 
between 4 and 6 Ibs. Units are said to provide 
high torque at modest cost. Von Weise Gear 
Co., St. Louis, Mo. 


Subminiature Relays 917 


Designed to meet the most severe environ- 
mental requirements of present day prototype 
missiles, a new subminiature relay is said to 
incorporate a completely new rotary relay mo- 
tor and a new header design. Insulation re- 
sistance: 10,000 M ohms min at 25°C; shock: 
100g’s at 11 msec; pick-up time: lOmsec max 
26-5 volts at 25°C; release time: 10 msec max. 
Filtors, Inc., Port Washington, N. Y. 


Adhesives Selector Chart 96 
Chart shows outstanding properties of key ad. 
hesives and hardeners . . . their tensile shear 
strengths at different temperatures and in sev. 
eral fuels. Also, the operating temperature 
range, izod impact, coefficient of thermal ex. 
pansion and numerous other criteria are in. 
dicated. Hysol Corp., Olean, N. Y. 


Metal Coated Ceramics 949 


Permanent metal-to-ceramic bonding techniques 
extend the use of ceramics into fields where 
metal alloys were formerly required. In addi- 
tion to design considerations, bulletin describes 
properties and applications of stealite and high 
alumina ceramics for low and high temp metal 
to ceramic seals. Centralab, Milwaukee, Wis. 


Gold Alloy Preforms 947 


Described are two uses for gold alloy preforms: 
as a joining material to produce an ohmic junc. 
tion and as an alloy junction material when 
doped with N or P type elements. Data sheet 
gives melting points, typical alloys for various 
applications, sizes and tolerances. Accurate 
Specialties Co., Inc., Hackensack, N. J. 


4 


PNPN Applications 948 


Covering a wide range of circuit functions, a 
series of papers discusses many new applica- 
tion areas for PNPN devices. Published bi- 
weekly, each paper analyzes a specific design 
problem and its solution with four-layer cir- 
cuitry. Solid State Products, Inc., Salem, Mass. 


Cylinder Actuators 905 


Powerful pneumatic actuator precisely positions 
many types of mechanical processing equip- 
ment: variable speed drives, butterfly valves, 
control valves, proportioning pumps and elec- 
trical components such as rheostats, auto-trans- 
formers and potentiometers. A piston with 
lipseals assures friction-free stroking and an 
integral high-capacity positioner. The light- 
weight unit operates in any position. Conoflow 
Corp., Philadelphia, Pa. 


Semiconductor Grade 915 


Germanium 


Grades of semiconductor germanium include: 
germanium-dioxide, first reduction germanium 
metal, and intrinsic polycrystalline germanium. 
Bulletin also discusses services for reclamation 
of germanium from scrap such as crystal ends, 
broken slices, saw dust, acid etchants and ores. 
High Purity Metals, Inc., Hackensack, N. J. 


High Voltage Pentodes 916 


Beam-type pentodes’ 20 ma plate current and 
15 w plate dissipation make them ideal for use 
in medium voltage power supplies as the shunt 
regulator tube or in higher voltage power sup- 
plies as the series regulator tube. Their 5000 
transconductance suggests their use in mediun 
power, medium voltage amplifier circuits. They 
are for use with plate voltages up to 1 kv. 
Victoreen Instrument Co., Cleveland, Ohio. 
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WORTH FILING 








Electronic Equipment 


\ 272-page book gives specs and prices on a wide variety 
of electronic parts and equipment for service, industrial, 
and audio applications. It is completely indexed by prod- 
uct and by manufacturer with 99 manufacturers repre- 
sented. A special new products index consists of three 
categories: amateur and citizens’ band gear; general prod- 
ucts; stereo, hi-fi equipment. Another special feature of the 
catalog is its industrial tube cross reference. 

Lampley Electronic Supplies 


Benton, Ill. 
For Your Copy Write No. 807 in Box on Inquiry Card 


Source: 






Switching Transistors 










NEW (Miethode 
“FORK” CONTACTS 


completely interchangeable with 
available types 
with FULL RADIUSED CONTACTS 
for smoother mating 





























“Transistor Guide for Switching Circuit Designers” guides 
engineers in selecting proper transistors for such applica- 
tions as saturated DCTL, SCTL, RTL, RCTL, and DTL 
low-level logic circuits. Literature also discusses nonsatu- 
rated logic, for example, current switching, medium-level 
switching up to 400 ma, and high-level switching including 
de to de converters and static relays. Germanium and 
silicon switching transistors are correlated with their pro- 
per application. Besides showing designs and uses of in- 
verters and flip-flops as basic building blocks for switching 
circuitry, catalog discusses transistor properties necessary 
to obtain optium performance of inverter and flip-flop in 
“transistor logic”. 

Philco Corp., Lansdale Div. 


Lansdale, Pa. 
For Your Copy Write No. 820 in Box on Inquiry Card 


Source: 







WORTH BUYING 





Noise Measurement 


“Handbook of Noise Measurement” covers the measurement 
of noise and vibration, and describes equipment require- 
ments, procedures and the interpretation of results. This 
100-page book contains comprehensive surveys and the 
measurement of sound levels and sound-pressure levels. 
Four appendices include decibel conversion tables, vibra- 
tion charts, definitions and extensive references. Price: 
$1.00. 


Order your copy from: 
General Radio Co. 
West Concord, Mass. 


Shock and Vibration Measurement 


\ll types of auxiliary equipment used between a shock or 
vibration pickup and the final indicator or recorder are cov- 
ered in the new American Standard Method for Specifying 
the Characteristics of Auxiliary Equipment for Shock and 
Vibration Measurements. Special emphasis has been given 
to the following preamplifiers; linear and logarithmic ampli- 
fiers; frequency selective equipment which includes band- 
pass filters, waxe analyzers, octave-band analyzers, integrat- 
iig circuits and differentiating circuits; and carrier systems. 
1e standard comprises a part of a group of definitions, 
s andards, and specifications used in acoustical work. Price 
0.80. 


der your copy from: 
nerican Standards Association, Dept. PR183 
East 40th Street, New York 16, N. Y. 
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IMMEDIATE 
DELIVERY! 


Available 








in three 






different styles: for 





mounting upright 








printed circuit panel, 







parallel to printed 






circuit panel or for 





45 angular mating 





Fabricated from 















Microphotographic 
view of Methode 
Printed Circuit 

“FORK” CONTACTS 


spring tempered 
phosphor bronze, 


finished 







with gold 






rel Kehalars| 























Applications are limitless as determined 






by your design, ingenuity and needs 







We invife your inquiry 
















Special 
styles 
can be 
tooled 
upon 
request. 






Lumen 











ethode 


manufacturing corp. 













7447 W. Wilson Ave. © Chicago 31, Ill. 
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For Your Literature File 


NEW CATALOGS 


Most of these catalogs contain complete specs, mounting configurations 
and other important details associated with the application of the products 
described. For your free copy of the catalogs listed on this page, enter 
the appropriate number of the item on the Inquiry Card. 








950 


Gas Driven Gyro 


Two-degree-of-freedom displacement 
hot-gas-driven instrument, provides accurate 
displacement reference for missiles during 
short-duration flights. In a “planned return to 
simplicitiy’” hot-gas propellants proved a better 
means for accelerating the gyro rotor than 
either electrically-or-mechanically-actuated drives. 
Design characteristics given in catalog include: 
14 major parts; reliability — 99.6%; shelf-life — 
minimum of 5 years; ambient temperature 
range: —65 to +165 F; acceleration — 30g for 
30 sec; size — 4g" dia x 514" high; weight — 
3V2 Ibs. (4 pp) Lear, inc., Santa Monica, Calif. 


gyro, 4a 


Relay Color Coding Kits 962 


Wall chart gives color coding information on 
30 color-selective conversion kits for modifying 
relays. Seven color-location diagrams show how 
and where to use kits. Coil application data 
show how to select magnet coils for relays with 
any possible circuit arrangement. (8 pp) The 
Clark Controller Co., Cleveland, Ohio. 


Air Control Valves 964 


Mechanically and manually operated air valves 
utilize a valve segment which makes possible 
thousands of different valve styles constructed 
from less than fifty standardized parts. Cata- 
log covers 4” NPT, 2-position balanced spool 
valves, normally closed or normally open 3 
way or 4 way styles. Three page spread pre- 
sents all model numbers, specs and operators 
in easy-to-read chart. Types of operators in- 
clude: knob and lever, clevis, roller cam, over- 
riding roller cam, foot pedal, treadle and air 
operators. Hoffman Valves, Inc., Dayton, Ohio. 


Digital Building Blocks 968 


First showing how basic test equipment mod- 
ules can be used to rapidly check out a new 
digital system design, brochure then describes 
their replacement with printed circuit board 
electrical equivalents to produce a_ reliable, 
working prototype or final system. Circuit dia- 
grams and photographs illustrate how basic 
as well as complex digital circuits can be 
readily implemented with the modules. Circuits 
considered are — basic shift register, binary 
counter, forward-backward counter, binary 
adder and binary multiplier. Harvey-Wells 
Electronics, Inc., Natick, Mass. 


Video Amplifier Applications 982 


An application note describes the design of 
high-quality video amplifier circuits using low- 
cost 2N741 mesa transistors. Included are cir- 
cuit schematics, performance curves, and photo- 
graphs of a completed 10-mc amplifier. Eleven 
drawings supplement text. (4 pp) Motorola 
Semiconductor Products Inc., Phoenix, Ariz. 
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Waterproof Wire Markers 975 


Pressure sensitive cloth, available in any com- 
bination of letters, numbers and symbols elimi- 
nate checking and ringing out of complicated 
wiring systems. These adhesive backed mark- 
ers, guaranteed to 350 F, tenaciously cling to 
surfaces providing a good alternative to metal 
and string tags or notching. (7 pp) North 
Shore Nameplate, Bayside, N. Y. 


Servomotors 985 


Of special interest in a catalog is a technical 
discussion of damping theory, which compares 
and evaluates the various means to achieve 
damping, including rate-feedback and velocity- 
damping. Development of pertinent transfer 
function equations is shown. Both the size 8 
and size 11, standard units covered include: 
servometers; velocity-damp servometers; inertia- 
damp servomotors; and servomotor-generators 
with optional voltage requirements and me- 
chanical characteristics. (24 pp) Helipot Div. 
Beckman Instrument, Inc., Fullerton, Calif. 


“White Rooms” 654 


A new service provides complete, pre-engi- 
neered “white rooms” in one package, includ- 
ing installations and employee training. Bulletin 
illustrates 31 different construction and opera- 
tional details of a typical dust-controlled white 
room. (4 pp) Controlled Environment, Inc., 
Needham, Mass. 


FHP AC Motors 959 


Two, 4 and 6-pole shaded pole motors plus 
high-efficiency 6-pole permanent split capacitor 
units comprise a line of ac motors. Catalog 
gives speed, power and dimensions with ratings 
for 60 cycle, 115 v operation; motors can also 
be wound for 208 v or 230 v operation at 50 
or 60 cycles. (4 pp) The Leece-Neville Co., 
Gainesville, Ga. 


Panel Fasteners 657 


Self-aligning, self-locking panel fasteners per- 
mit simple installation with hand or power tools. 
Used in a wide variety of removable panel ap- 
plications, the self-contained fastener has no ac- 
cessories to be lost or misplaced. (4 pp) Hi- 
Shear Corp., Torrance, Calif. 


Adjustable Speed Drives 656 


New half-wave, fhp, electronic speed drives 
employ silicon controlled rectifiers instead of 
tubes to supply power to the motor. Bulletin 
explains important design features such as a 
new control module with encapsulated circuitry 
which provides long life and protection against 
shock and vibration. (4 pp) General Electric 
Co., Schenectady, N. Y. 


Power Supply Modules 950 


Troubles that originate from faulty regulated 
dc power supplies include: stray and false 
formation; false triggering of circuits, harm 
changes in pulse shapes; distortion of in-; 
signals by ripple; and high transients whic 
destroy transistors. Besides discussing tl 
problems, a brochure also details achieveme; 
in latest miniature plug-in modules, and how 
they prevent malfunctions. (18 pp) Valor In. 
struments, Inc., Gardena, Calif. 


Magnetic Disc Brakes 961 


Catalog covers line of magnetic disc brakes in 
cluding series with torques ranging from: 1 to 
3 Ib-ft for mounting on size 40 frame motors; 
1¥2 15 \|b-ft for mounting on motor frames 
55C, 66C, 182 and 184; 10 to 105 lb-ft for 
adaptation to 213C, 215C, 254UC, 284UC 
286UC motor frames; a series for special adap- 
tation to older frame motors; and a series with 
torques from 125 to 575 l|b-ft for NEMA frames 
324U, through 405U. (8 pp) Stearns Electric 
Corp., Milwaukee, Wis. 


Logic Trainer 980 


Designed for training personnel in digital cir 
cuit operation, logic design bread-boarding, and 
digital circuit testing, a digital logic trainer 
effectively demonstrates basic cricuit operations 
as well as the effect of loading and timing on 
circuit and network performance. A front pane! 
contains fifty pre-wired digital circuits, with 
individual logic symbols clearly identifying in 
put connections and their function. (4 pp 
Epsco, Inc., Cambridge, Mass. 


Analog Computer 994 


Solution to multi-component phase equilibrium 
problems with analog computers are discussed. 
The multi-component system reviewed comprises 
one in which equilibrium temperature, pressure 
L/V_ ratio, and liquid and vapor compositions 
are to be calculated, given the concentration of 
a specific component in either the liquid or 
vapor phase. The generalized method of solv- 
tion can be used for any number of compo- 
nents. (7 pp) Computer Systems, Inc., Mon- 
mouth Junction, N. J. 


Test Point Connectors 992 


Designed for printed circuit applications, test 
point connectors can be located at convenient 
or critical positions for easy test takeoff points 
Single contact and multiple contact types with 
4, 6, 8, 28 and 42 test points are available for 
right angle dip soldering to printed circuit 
boards. Units accept and hold securely a nom 
inal 0.080” dia test probe. Borchure also de- 
scribes molding compounds such as_ mineral 
filled melamine, glass filled plaskon alkyd, glass 
filled diallyl phthalate and Orlon filled dially! 
phthalate. (6 pp) Continental Connector Corp 
Woodside, N. Y. 


Sub-Miniature Capacitors 978 


Complete line of variable capacitors are d 

scribed. One typical unit is Type “TT” that has 2 
Q greater than 3000 at 1 Mc, a high torque-t 

mass ratio and a temperature coefficient less 
than 60 ppm deg C. Unit meets Mil-C-92/ 
Catalog also covers tube sockets, connectors, 
insulators, inductors and knobs and dials. (29 
pp) E. F. Johnson Co., Waseca, Minn. 


ELECTROMECHANICAL DESIG ! 





NE\ 


—_— 


An 


Nine 
avai 
10,0 
700( 
Scha 


Sp 





961 


brakes 

‘om: | to 
e motors; 
ar frames 
lb-ft for 
, 284UC, 
cial adap- 
aries with 
\A frames 
is Electric 


980 


jigital cir 
ding, and 
ic trainer 
perations 
timing on 
ont panel 
sits, with 
ifying in. 

(4 pp 


994 


yuilibrium 
liscussed. 
comprises 
pressure 
positions 
ration of 
liquid or 
of solvu- 
f compo- 
ic., Mon- 


992 


ons, test 
nvenient 
ff points 
pes with 
lable for 
d circuit 
y a nom 
also de- 

mineral 
yd, glass 
d dially! 
or Corp 


973 


are d 

vat has a 
orque-t 

ient less 
\il-C-92/ 
nnectors, 
ials. (20 


. DESIG | 







NEW CATALOGS 








971 






Measurement Instruments 









sion instruments for measurement of tem- 
perature, pressure, level and flow are de- 
scribed: pressure potentiometers; low pressure 
measurement system; electronic micromanom- 
ete temperature transducers for surface, 
liquid, and gas temperature measuring systems; 
temperature standards; liquid detection systems; 
and mass flow systems. Application informa- 
tion included. (8 pp) Trans-Sonics, Inc., Lex- 
ngton, Mass. 


















Instrument Servos 652 








uding a comprehensive table of specs ar- 
ranged to facilitate selection, a brochure deals 
with vacuum tube and solid state servo indi- 
cators and repeaters for measurement, control 
data conversion and computation. Types de- 
scribed include 3’ and 2” dia millivolt-meters, 
atiometers, shaft position repeaters and analog- 
to-digital converters. (4 pp) North Atlantic In- 
dustries, Inc., Plainview, N. Y. 





















Angular Accelerometer 955 












Nine series of linear and angular accelerometers 
available in excitation frequencies from 400 to 
10,000 cps and acceleration ranges from 1 to 
700G are illustrated and described. (4 pp) 
Schaevitz Engineering, Pennsauken, N. J. 
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Glass-Metal Components 999 sp akcirig cece 


Described are: precision glass and glass-metal 
components, sapphire-to-glass seals, infrared 
sensing and reference levels. Vacuum measur- 
ing instruments for the pressure range from 
atmospheric to 10°“mm Hg are also covered. 
12 pp) The Fredericks Co., Bethayres, Pa. 















... We’ve really hit the jackpot with the new DIEHL 

Vacuum Tube Servo Amplifier. For response, linearity and 

poet output, this new servo amplifier just can’t be beat. 

ere are five reasons why: 

Servo Components 998 Continuous power output of 75 watts—drives DIEHL 
servomotors up to 25 watts 60 cycle, 15 watts 400 cycle. 

Catalog lists surplus synchros, ac and de motors, Minimum phase shift at carrier frequency. 

servo motors, inverters, actuators, geared mo- Plug-in input modules accept a wide range of AC and 

tors, generators, and other components. Also DC voltages. 

included are curves of servo motors, circuit dia- Proven vacuum tubes and printed circuitry assure max- 

grams, and schematics. (30 pp) Servo-Tex imum reliability. 

Products Co., Hawthorne, N. J. Separate amplifier and power supply chassis plug 
together. 

. : Whatever the application, you’ll find this newly perfected 

Vacuum Diffusion Pumps 997 | Vacuum Tube Servo Amplifier by DIEHL a welcome new 

standard of dependability and convenience. Why not get 

all the facts today? For additional information and/or 

applications assistance, contact: Diehl Manufacturing Com- 

pany, Somerville, New Jersey. ai7e 





































Basic information on diffusion and booster 
pumps includes speed curves for small, medium 











and large models ranging from 1 to 32-inch 

sizes, and includes both tabular specs and out- SEE US AT IRE SHOW 
line drawings for each pump. Theory of diffu- | SPECIFICATIONS BOOTH 1913-15 
sion pumps and their operation at very low 

pressures serve as reference when designing | Cat. No 

vacuum systems or checking their performance. Output 






) 


2 pp) NRC Equipment Corp., Newton, Mass. Gain 
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Spectrophotometer Accessories 956 | 






\ccessories described enable spectrophotometers ee on 


render such analyses as flame photometry, | tA Trademark of THE DIEHL MANUFACTURING COMPANY 


A 
t 

fluorometry, reflectometry, spectroradiometry, | DIEHL MANUFACTURING COMPANY 
Cc | 

E 









orim i i i 
vlorimetry, solid phase studies, reaction rate A SUBSIDIARY OF THE SINGER MANUFACTURING COMPANY 
idies, and turbidity observations. (13 pp) 


Seckman Instruments Div., Fullerton, Calif. Somerville, New Jersey 
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Typical MEMCOR synchro: Size 11 with 
servo type mounting; Overall length—. 
1.6 in. approx., excluding shaft; Weight 
—2% o2.; Input—26 volts, 400 cps, .4 
watts; Output—11.8 volts. 





Memcor Synchros and 
Synchro Indicator 
Packages 


If your project 
calls for economical and 
accurate indication of position, 
pressure, flow or other synchro- 
transmitted information, MEMCOR has or 
can design a synchro or synchro-operated 
indicator package for the job. MEMCOR synchros 
are available in various mounting configurations 
for incorporation into packages or systems 
to be servo driven or for use as indicating 
devices. The same basic component 
may be supplied for use as either 
a transmitter, a re- 
ceiver, or both. 


ASK FOR DESCRIPTIVE FOLDER 


MEMC OR 


model engineering and manufacturing corp. 
courter products division 
boyne city, michigan 
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Select from over 
3,500 different 


SOLENOID 
VALVES from 
WF: iee 


Series SV-54 (3 way-4 way) gen 
eral purpose solenoidwalves for 


yi 


é 
$ 


inéxpensive 
cle life. Pressure 
150 psi. Nylon 
Steel. Infinite 
listS as 


@ Series SV-61 (2 way) Nylon body 
valve is ideal for general pur 
poses and OEM installations 
where millions of operating cy 
cles are vital. Nylon seat and 
port threads outlast steel, yet 
cost less. Non-corrosive, shock 
resistant, Pproot-pressure 


Series SV-5100 Specifically de 
handle the most cor 
dia in industry. Man 

ufactured in Teflon, PVC and 

Nylon varieties. Diaphragm con 

struction prevents media con- 

tact’ with any metal. Available 
in direct-acting or piloted 
models 


FREE...new 16 page brochure 
—lists over 500 corrosive 
media—coded for correct valve 
selection. 

For complete information on 
these or other models, write 
or call: 


VALCOR ENGINEERING CORP. 


5374 Carnegie Ave., Kenilworth, N.J. 
CHestnut 5-1665 


VAICOR 


SOLENOID VALVES 
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Get in touch with 


(Somar 


Simplify your relay problems. . . avoid 
costly delays... put your relay requirements 
in the hands of trained, competent 
engineers at Comar. A variety of standard 
basic designs are available at Comar which 
can be modified to give you any desired 
combination of coils, switch arrangements, 
contact materials, insulation and 
mounting. This can save you time and 
money. Whatever your requirements may 
be, Comar can provide you with relays 
custom-matched to your product. Send 
details and get our recommendations 


quickly ... without obligation. Write today. 


HERMETIC SEALING 


3349 ADDISON ST., CHICAGO 18, ILLINOIS 


RELAYS + SOLENOIDS + COILS + SWITCHES + HERMETIC SEALING 
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Automation 
Ball Bearings 67, 69, 71, 7 
Bearings 73 
Bearings, ball 67, 69, 71, 73 
Bearings, spherical 39, 53 
Blowers ; 
Boards, display 

Changers, frequency 

Computers 

Controls, photoelectric 

Controls, temperature 

Converters 

Data processing 

Data Recorders 

Devices, timing 

Digistrobe digital display 

DC torque motors 

Display, digital 

Display boards 

Drafting supplies Cover 3 
Drives, precision 

Drives, variable speed 

Electroplated wire 

Employment 

Equipment, programming 

Fasteners, pin 

FHP gears 

Frequency changers 

Gaskets 

Gears, fhp 

Generators, servo-motor 

Gyroscope, inertial 

Holders, lead 

Instrumentation 

Inverters 

Lead holders 

Magnets, permanent ceramic 

Meters, temperature 

Modules, plug-in 

Motor generators, servo 

Motors, dc torque 

Motors, fhp 

Motors, unit bearing 

Papers, impregnating, saturating 
Permanent ceramic magnets 
Photoelectric controls 

Pin fasteners 

Plating 59, 
Plug-in modules 

Potentiometers Cover 2, < 
Precision drives 

Pressure transducers 
Programming equipment 
Pushbutton switches 

Recorders, data 
Relays 4, 28, 29, 56, 58, 
Rotary switches 

Servo motor generators 

Servo packages 

Solenoid valves 

Speed drives, variable 

Spherical bearings 

Stepping switches 

Switches 

Switches, pressure 

Switches, pushbutton, toggle 
Switches, rotary 

Synchros 

Tapes, electrical, fiber glass 
Tapes, pressure temperature 
Temperature plc 
Temperature meters 

Thermistors, varsistors 

Timing devices 

Toggle switches 

Transducers 

Transducers, pressure 

Torque motors 

Torque wrenches 

Unit bearing motors . 

Valves, solenoid hg 

Variable speed drives . 
Varsistors, thermistors . 

Wire, electroplated ........ 
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LATEST WORD FROM MARS balance, with new positive finger grip, it’s the newest of m 
the superb new Technico lead holder—with clear-view degree fine MARS drafting aids—all designed to make your work easier, 
dicator placed right at your fingertips. Contoured for perfect and to make it look better and reproduce better. 


UD OD “DRAWS oho MII 


Be : 
ICON RTH Coto ee ot 


ong the famous imported Mars drafting products are: the Mars-Technico push-button lead holders (with adjustable degree indicator* , with specific degree imprint , the economy model* 

arS-Lumograph drawing leads*, 18 degrees, EXB to 9H; Mars-Lumograph drawing pencils, 19 degrees, EXEXB to 9H; Mars-Duralar pencils and leads for dratting on Mylar® -base drafting film 
special degrees, K1 to K5; Mars-Duralar Technicos with adjustable Duralar degree indicator; Mars-Lumochrom colored drawing pencils, 24 shades. Also: Mars Pocket-Technico for field us¢ 

rs pencil and lead sharpeners; Mars Non-Print pencils and leads; Mars-Duralar erasers. Mars products are available at better engineering and drafting material suppliers everywhere 


T.M. for duPONT's Polyester film. *Shown 


the pencil thats as good as tt looks Ww Bm, bes, Se 


541 — J.S. STAEDTLER.INC. 
6( : HACKENSACK, NEW JERSEY 
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